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ABSTRACT 
NURSE-DELIVERED SHOE-LACING INTERVENTION: 
EFFECT ON COMFORT AND TOE PRESSURES FOR ACTIVE 
COMMUNITY-DWELLING ADULTS (AGE 65+) 
MAY 2021 
MARY C. CLAYTON-JONES, 
B.A., GEOLOGY UNIVERSITY OF COLORADO BOULDER
B.S. in Nursing UNIVERSITY OF MASSACHUSETTS AMHERST 
MBA., UNIVERSITY OF MASSACHUSETTS AMHERST 
M.S., NURSING, UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Rachel Walker 
Significance: Problems with shoe fit are endemic, affect gait and balance and lead to 
falls. Falls are physically, emotionally, and economically costly. Low-cost, easily 
implemented interventions, that reduce pain and improve balance meet the “triple aim” of 
the Institute for Healthcare Improvement.  
Purpose: Evaluate the impact on community-dwelling adults (65+) of two nursing 
interventions involving foot repositioning and shoe relacing.  
Outcome measures: Toe pressures, experiences of pain and comfort. 
Method: Repeated-measures, mixed-methods lab-based study. Walk #1 Control. 
Intervention #1, participant’s heel secured to back of shoe, the participant’s chosen lacing 
pattern snugged. Intervention #2, heel secured to back of shoe, specific lacing pattern 
snugged.  
Results: 19 participants, aged 65-91(Av 74.7), 14 women, 5 men.  When the participant’s 
heel was secured to back of shoe, and their chosen lacing was snugged (Intervention #1), 
there were 129/190 (68%) decreases in average peak toe pressures and 57% (11/19) 
stated there was an improvement in comfort. When the heel was secured to back of shoe, 
and a specific lacing pattern snugged. (Intervention #2) there were 148/190 (78%) 
decreases in average toe pressures and 133/190 (70%) decreases of Intervention #2 over 
Intervention #1. 63% (12/19) experienced greater comfort over Intervention #1. Orders 
of magnitude of the changes varied.  ANOVA and two sample t-tests resulted in 
statistical significance on the 2nd and 4th left toes. These results were consistent with the 
hypothesis that average toe pressures would decrease with heel securement and 
adjustments to the lacing pattern, and participant comfort in the shoe would improve.  
This study was fueled by observations of nurses operating in the field doing foot 
care, who are trying to enhance mobility and quality of life for older people desiring to 
remain in their communities. The strength of this study is the simplicity of the 
intervention and the focus on older adults and the combination of qualitative and 
quantitative data that offset many of the weaknesses of each method. Limitations of this 
study were the sample was small, not diverse and the lab based nature of this study 
excluded those less able who are make up a large segment of the older adult population.    
Conclusion: Results of this small pilot supported our initial hypotheses that changing the 
foot position in a shoe and the lacing pattern can positively impact experiences of 
comfort/pain and reduce toe pressures.  
ix 
x 
Implications for Nursing: 
Shoe lacing is a method of attaching a shoe to a foot that is well within the 
purview of nursing.  Preliminary research suggests the practice of securing the heel into 
the back of the shoe and adjusting the shoe laces might be helpful in reducing toe 
pressures and improving the comfort of a shoe and that the intervention does not appear 
to have any detrimental effects. Larger and more longitudinal studies are necessary to 
establish this within a larger and more representative sample of older adults. 
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Statement of the Problem 
Bipedal walking and running are normal human gaits that depend on foot 
function. With 26 bones interwoven in an array of ligaments, tendons, muscles, and 
connective tissue, feet are one of the most complex and compact parts of the human 
body. Feet are designed to carry the weight of the body, and they play a very important 
role in balancing the body’s weight. If the force of the feet connecting to the ground is 
not well aligned, or the balance is off, then not only can pain and imbalance happen but 
the foot can maladjust (think bunion), and other body parts like hips, knees, and backs 
will be negatively affected over time (Gross et al., 2011).  
Feet are protected by footwear. The fit of the footwear governs the function of the 
foot (Burns, Leese, & McMurdo, 2002; Goonetilleke, Luximon, & Tsui, 2012), but 
getting manufactured shoes to fit the three-dimensional morphology of all feet is almost 
impossible (Buldt & Menz, 2018). 
Figure 1Anatomy of the foot is complex 
Ill-Fitting Shoes for Older Adults 
 It is quite common for older adults to have ill-fitting shoes—occurring in 62–
72% of them (Burns et al., 2002; Menz et al., 2013; Menz, Morris, & Lord, 2006. One 
out of every four older adults in the United States (US suffers from foot pain (Menz et 
al., 2013, and for older adults, there is a strong association between improper shoe-fit, 
foot pain, foot wounds, foot deformity, altered gaits, postural changes, and imbalance 
(Burns et al., 2002; Menz et al., 2013. Foot pain, foot deformities, pain associated with 
ill-fitting footwear, and imbalance related to poorly fitting footwear are all avoidable with 
footwear that fits a foot properly (Delbaere et al., 2010; Goonetilleke et al., 2012; Menz 
et al., 2006. While it may seem simple enough to suggest a new pair of shoes that fit 
well, if it were as simple as that then the number of elders wearing well-fitting shoes 
would be much higher than the 62–72 % who are not. Many barriers to procuring shoes 
that fit and function have been identified. Farndon, Robinson, Nicholls and Vernon 
(2009 broke the barriers into four domains: practicalities (e.g., cost, personal (e.g., 
habit, purpose (e.g., occupation, and pressure (e.g., social norms.  
Role of Nursing 
Nursing is a caring profession that is found at the crossroads between medicine 
and people. Nursing plays a very important role in educating and supporting the health 
and wellness of patients through the provision of nursing care and also by supporting the 
medical profession in the field by performing assessments, carrying out tasks and 
reporting findings back to medical providers. Nurses are often holistic in their approach 
to care by talking a whole person, rather than a disease process view, and the sharing of 
2 
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nursing knowledge to support patient’s health by encompassing both theory and practice 
experience. Addressing all four domains are well within the purview of nursing to 
address in the provision of care.  
For older patients, nursing is often responsible for initiating, recommending, and 
implementing strategies and suggestions that reduce pain, improve health, improve 
comfort, enhance balance, and prevent adverse health outcomes; for example, wounds 
and falls. This is no small task and thwarting an incident that affects health has both fiscal 
and emotional impact.  For example, the medical cost of a fall with injury and hospital 
admission in 2015 was about $30,000 per incident, ($50 billion in Medicare spending 
2015). That estimated cost does not consider the psychological consequences, that linger 
long after the event or injury, such as reduced mobility, fear and worry (Haddad, Bergen, 
& Florence, 2019).   
One suggested way to reduce the risk of a fall, or a foot wound, is to wear shoes 
that are appropriate and fit well (Borland, Martin, & Locke, 2013) but often foot wear 
knowledge is limited. Improper shoe fit is common among older adults, and improper fit 
is known to contribute to adverse effects such as pain, foot deformation, balance 
problems and falls (Awale et al., 2017; Menz, 2016).  
In order for nurses to be more knowledgeable and effective in prevention 
education and to increase the impact and efficacy of their footwear recommendations, for 
all populations, especially older adults whose health is greatly impacted by inappropriate 
shoe fit, the need is great and immediate for low-cost, easy-to-initiate interventions that 
improve the fit of shoes for older adults. An Intervention of this type and focus would 
4 
meet all three aims of the Institute for Healthcare Improvement: - Improvement in patient 
experience and care, improvement in the health of populations (older adults) and would 
positively impact the cost per capita of health care by reducing the incidents of falls and 
wounds related to shoes that fit poorly.  
Population of Interest 
In the US in 2015, the population of adults over age 65 was 47.8 million (US 
Census Bureau, 2017). Chronic foot pain for older adults is highly persistent, affecting 
one in four (Menz, 2016). Foot pain, foot deformities, and other impairments to gait put 
elders at higher risk for falls (Dionyssiotis, 2012). By 2050, people over the age of 65 
living in the US will increase to approximately 83.7 million (Ortman, Velkoff, & Hogan, 
2014). Among this population, 80% will be living with multiple medical diagnoses that 
are chronic (Buttorff, Ruder, & Bauman, 2017). These chronic conditions (e.g., obesity, 
diabetes, arthritis, and cognitive decline) affect physical abilities including gait changes. 
Add gait changes, associated with chronic conditions, to the number of people with foot 
pain to the number of people wearing ill-fitting shoes, and it is easy to see that the 
emotional, physical, and economic costs associated with feet not functioning well will 
also increase.  
Background 
The author is a master’s-prepared registered nurse who is board certified in 
footcare. In 2014, adopting an evidence-based, person-centered, prevention philosophy, 
she started a footcare business in order to take care of the feet of older, community-
dwelling adults who were struggling to take care of their own feet due to physical or 
5 
cognitive decline. The business has grown, and currently 14 board-certified nurses see 
over 800 older adults a month in their homes, in several area senior centers, and in a few 
long-term care facilities. Documentation is done in an electronic medical record and, with 
permission, photographs are taken of people’s feet. A full foot assessment, including shoe 
fit is performed on every visit. Foot function is optimized by caring for nails and skin and 
then using certain massage techniques to release tension, improve circulation and range 
of motion. During the encounter, education about shoes, socks, skin care, and strategies 
that enhance overall foot function, balance, gait, and health and wellness is shared with 
the patient. 
Over the last few years, the author has noted that many patients who were 
complaining of foot, knee, hip, or back pain were also wearing shoes that were     
incorrectly sized.  
She also noticed that people were leaving toe-prints at the front of the inserts that 
Figure 3 Shoe much larger than a 
foot, commonly seen in the field 
Figure 2 Toe-prints at the front of 
the shoe 
came with the shoes as well as on the orthotics that had been customized to their feet. 
At first, she assumed that it was a shoe-size issue, so she began to carry and 
utilize a Brannock, which is a standard foot-measuring device. She took note of both the 
arch length and the overall foot length and width, and then made shoe-size 
recommendations based on those measurements. She did a lot of patient teaching, sharing 
articles with patients, and also referred our patients to several reputable shoe stores with 
trained shoe fitters, and to experienced pedorthists in the area. Many patients came back 
wearing new shoes, but continued to leave toe-prints in the front of the shoes and to have 
foot and body pains. Some patients also continued to develop painful calluses that were 
bordering on wounds. These findings are in keeping with the literature findings that most 
foot pain is found in the forefoot and the digits and is commonly associated with ill-
fitting shoes (Hurst, Branthwaite, Greenhalgh, & Chockalingam, 2017). 
In practice, she and her colleagues started doing what they have named the “one-
finger test.”  
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Figure 4 The one-finger test 
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For anyone complaining of foot, knee, hip, or back pain, an attempt to put a finger 
between the counter (heel) of the shoe and the person’s heel would be made. If a finger 
fit, then more often than not, toe-prints would be seen in the front of the inserts. During 
care, tension in the person’s toes and feet would also be felt. Many failed the one-finger 
test.  
Many of the older adults, taken care of in this practice, struggle financially. They 
also struggle to get out to go shopping. In an effort to release tension on the foot, and get 
a better fit, and following the directions from an article by Janisse (1992),  even in shoes 
were too big, the foot care nurses in this practice began using different lacing strategies to 
try to secure people’s feet into the back of their shoes. The nurses were surprised by how 
much patients liked and appreciated the different feeling of the new fit of the shoes on 
their foot and the differences it made to their aches and pains, despite the shoe oftentimes 
being several sizes too long. Change in posture, balance, and gait, and a reduction in 
corns and calluses were also noticed.  It is to be noted that the nurses also supported the 
changes with a lot of patient teaching about shoe fit and foot mechanics. Patients would 
come back 8–10 weeks later with the new lacing pattern still in place, with flexible feet 
and without callusing. They would also ask us to re-lace other shoes. 
Observations from the field are the inspiration behind the desire to seek an 
explanation and understanding of the biomechanics that are happening inside the shoe 
and the wearer’s experience. 
The Foot 
“The human foot is a masterpiece of engineering and a work of art.”
— Leonardo da Vinci 
The foot is a three-dimensional dynamic structure that is a complex system of 
bones, ligaments, tendons, muscles, and connective tissue that tensions and releases and 
bends, flexes, and pivots in a number of directions (see Figure 5). Its primary purpose is 
to balance and transmit the weight of the body to the ground and assist in ambulation. It 
also contains 100,000–300,000 nerves that gather information from the outside world 
(exteroceptors). The foot also contains interocepters (internal sensing nerves sensitive to 
pressure or distention) and proprioceptors (nerves that sense vibration, movement, 
position, and equilibrium and are used to keep track of body position in space), according 
to Webb (2017).  
The foot’s shape can be adjusted by the person and the environment, including a 
shoe. This can happen consciously; e.g., spreading and wiggling toes, or picking out a 
shoe. It can also happen subconsciously; e.g., the fluid and flexible foot mechanics that 
enable balance and locomotion during normal walking. How a person places their weight 
and uses their foot, and how the shoe fits onto a person’s foot and the choices that they 
consciously make can thus positively or negatively influence the way a foot flexes, 
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Figure 5 The foot in a shoe
bends, and operates. For a person who has a flexible foot, it is easy enough to pull in the 
toes to increase the height of the arch or grip with the toes, which is a way to hold a shoe 
onto a foot.  
Many people we see in our footcare practice are not fully aware of their feet or 
how their feet are working in their shoes. Nor are they aware of the impact their choices 
of footwear are having on their foot function, gait, and balance. The people we see also 
struggle to get out to go shopping, to use the Internet, and getting to a professional 
appointment tends to be a medical appointment that is covered by insurance not a 
personal shopping excursion. In our area, which is Western Massachusetts, access to a 
gait specialist or specialized footwear and foot professionals is limited at best. For many, 
their footwear choice is what someone brings them off the shelf from a local box store. 
In an era of a pandemic, access to care struggles are even greater, and the work of our 
nurses going into homes to prevent problems from happening is even more crucial. 
Shoes 
A shoe is defined as an outer covering for the human foot that typically has a 
thick or stiff sole and an upper part made out of a lighter material such as leather  
(Merriam-Webster, 2019). While a shoe may also be an orthotic or a prosthetic, its 
primary purpose is to protect the foot. Footwear, in the form of wrappings, dates back 
40,000 years to 15,000 BC. The form that the foot wrapping took was strongly 
influenced by conditions such as weather and by purpose for example, walking vs. riding 
protection, and boots vs. sandals (Maes, 2015). Wrappings and shoes are also a fashion 
statement. Ornamentation and differing styles of footwear are seen in the earliest of 
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 paintings.  Lacing was the primary means of securing the wrappings to the foot (Hall, 
1917). 
The form of footwear that people choose to put on their feet has a direct impact 
on their balance, gait, and mobility (Arnadottir & Mercer, 2000). Feet that hurt or don’t 
function well impact directly and negatively our balance, gait, mobility, and quality of 
life (Menz et al., 2013; Menz & Lord, 2001; Mickle, Munro, Lord, Menz, & Steele, 
2011). Declining physical mobility and balance impairment are major contributors to 
fears, fears about falling, and actual falls (Ambrose, Paul, & Hausdorff, 2013), which 
makes mobility and balance a major concern for many aging adults.  
Shoes are primarily manufactured. In creating the shoe, the shoe manufacturer 
combines both fashion and function into the build of the shoe. The manufacturer also 
considers materials and costs and the price and the audience that they can sell the shoe to. 
When a shoe manufacturer makes a shoe, they make it from a three-dimensional (3D) last 
(foot mold). The manufacturer rarely meets the person who is going to purchase the shoe.
The last and the shoe that is created are the shoe manufacturer’s “guess” at the 3D 
shape of the person who is likely to like the shoe, who finds the shoe comfortable, feels 
that it meets their needs, and has the means and desire to purchase it.   
Shoe Size 
The last is the actual shape of the shoe. It encompasses both the pattern and a 3D 
volume. Shoe sizing is an attempt to translate the shape of the last into a foot 
measurement so that consumers of footwear can find shoes that fit them. While a 
Brannock device comes close to providing sizing information, the reality is that it is very 
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 challenging to match a foot size to a shoe size. In a perfect world, each shoe would come 
with its own sizing chart, or Brannock device, and each foot would be measured in 
multiple dimensions. However, this is currently impractical.   
In our practice, when asked about shoe size, most of our patients can tell us their 
overall foot length and width. To us, this means that they have only been measured in 
two dimensions: overall length (from the heel through the longest toe) and width (at the 
widest point). Given that the foot and the shoe are actually 3D objects and the length of a 
foot and length of toes vary greatly in size and shape, finding shoes that fit a foot well 
can be a real challenge.  
When a foot does not fit well into a shoe, a price is often paid by the foot and the 
person. Calluses on toe tips, calluses on metatarsals, chafing on the heel, wounds, falls, 
foot pain, knee, hip, and back pain, toe and foot deformities, and gait and balance 
changes can all be linked to improper shoe fit. 
Pain
The 2013 Framingham Foot Study (n = 1,544) on mobility, found that 24% of 
people over the age of 45 have foot pain. It revealed that for both men and women, foot 
pain was directly associated with increased odds of having mobility limitations and that 
limitations in mobility impair the ability to perform activities of daily living (Menz et al., 
2013). Roddy, Muller, and Thomas (2011) in their prospective cohort study of adults age 
50 and older (n = 2,718) found that over the 3-year study period, new onset of disabling 
foot pain had developed, and this effect was greater in the older old adults. The authors 
of both these studies suggested that prevention of disabling foot pain in elders should be 
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a priority and that predisposing factors such as footwear should be looked upon as a 
potential target for effective intervention. They also suggested that small improvements 
in gait, balance, and mobility can contribute greatly to quality of life for an older adult 
(Menz et al., 2013; Roddy et al., 2011). 
State of the Science 
A large body of research exists about the effect of strength training and exercise 
on gait, balance, and mobility for aging adults (Muehlbauer, Gollhofer, Lesinski, 
Hortoba, & Granacher, 2015; Shubert, 2011). Another large body of research covers 
footwear choices for people with diabetic wounds and strategies and footwear for 
changing foot pressures by taking the weight off of certain, or all parts of the foot by 
using specially designed and orthosis and footwear (Armstrong & Harkless, 1998; Bus et 
al., 2015).   
There is far less research on the footwear choices of aging adults and the impact 
those choices have on gait, balance, and mobility, even though footwear is identified as 
an influencer on gait and body mechanics and as a risk factor for falls (Arnadottir & 
Mercer, 2000; Menz et al., 2006). Menz et al. (2006) looked at the footwear 
characteristics and risk of indoor and outdoor falls and found that in the home, older 
people who were not wearing footwear were more likely to fall than those who were, 
even though the structure of the footwear was not significantly associated with falls.
 Kelsey et al. (2010) found that 51.9% of the fallers they studied were wearing slippers, 
socks, or were barefoot at the time of falling. Arnadottir and Mercer (2000) looked at 
different shoe choices and at barefoot, and their influence on the functional reach test 
(FRT), the timed get up and go test (TUG), and the measure of self-selected gait speed 
(TMW). These are physical performance measurement tools that are often used to assess 
balance and gait. Arnadottir and Mercer (2000) hypothesized that better awareness of 
foot position might result in improved performance and that increased heel height would 
decrease the overall base of support and would therefore decrease overall performance.  
Walking shoes and barefoot showed improved performance over dress shoes in each of 
the tests (Arnadottir & Mercer, 2000). The authors of a 2016 systematic review of the 
literature on the effect of foot orthosis and shoe characteristics on the balance of healthy 
older subjects suggest that older adults ought to be wearing thin, hard-soled footwear 
with higher backs that secure the heel into the back of the shoe to reduce the risk of 
falling (Aboutorabi, Bahramizadeh, Fadayevatan, Farahmand, & Hutchins, 2016). In 
none of these numerous studies did the authors mention looking at shoe fit or the way the 
shoes were secured to the feet. 
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Knowledge Gap Requiring Further Study: Securing Shoes to the Foot 
There is discussion in the common literature about different lacing strategies and 
patterns and their effect on foot comfort and health, but there is very little in the scientific 
literature that discusses the impact of heel securement on balance or gait or the different 
effects that shoe securement strategies, like lacing, can have on balance and gait. Rahemi 
et al. in their 2017 study (n = 15) found that shoe closure could have a profound effect on 
plantar thermal stress response (a surrogate for shear stress and skin perfusion, a concern 
with at-risk diabetic feet). Fiedler, Stuijfzsand, Harlaar, Dekker, and Beckerman (2011) 
studied shoelace tightness and its influence on pressure time on the forefoot and midfoot 
during a walking exercise.  In their study (n = 20, 4 males, 16 females age 28–59, mean 
46.3), using varieties of crisscross lacing, they found significant differences between the 
completely loose (participant could slide their foot in and out) and the tighter 
/comfortable lacing patterns (participant secured their own shoe to foot by comfortably 
tightening the lacing) in the pressure time intervals and average peak pressures on the 
hallux, toes 2-5, first metatarsal head and lateral midfoot regions. Pressure time intervals 
(Kilo Pascals, KPa) were much higher (324KPa vs 279KPA) on the hallux and the toes 
for the completely loose lacing over the tight lacing and decreased slightly for the 
metatarsal, mid foot and heel regions.   
The average peak pressures on the hallux were slightly higher for the completely 
loose (173 KPa vs 164 KPa) and for the hallux, but the toes, metatarsals, midfoot and 
heels remained about the same. Slippage in the heel was also measured, with very little 
slippage occurring in the secured shoe (0) and quite a bit of slippage occurring in the 
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completely loose shoe (7.5) which is understandable. The interesting and notable finding 
was that looser lacing techniques resulted in smaller average plantar pressure changes and 
pressure time intervals changed. They postulated that toe clawing, to prevent the shoe 
from falling off, might be an explanation for the increased pressures in the hallux and toe 
regions but did not measure the effects that toe clawing might have on participants, 
especially over time.  
Hagen and Hennig (2008) looked at the effects of different shoe lacing patterns on 
the biomechanics of running shoes and found that tighter lacing patterns corresponded to 
reduced loading rates and pronation velocities. In their study the lowest peak pressures 
under the heel and mid foot were observed when all 7 laces of the running shoe were 
tightened. However, the 7 eyelet lacing pattern was not considered to be the most 
comfortable. In agreement with Fieldler et al, lower pressures occurred on the metatarsal 
heads with looser lacing, which they thought was induced by the foot sliding around.  
Hagen, Homme, Umlauf, and Hennig (2010) (N = 14, Male age 24+/-5) tested a 
high lace pattern and its effect on running performance and found that a firm foot-to-shoe 
coupling with a higher lacing lead was a more effective use of the running shoe features.  
These studies, however, did not look at the effect of heel securement or how the 
effect of shoe lacing on balance or forefoot side pressures is impacted by the choice of 
the lacing pattern. They also did not look at the effect heel securement or lacing impacts 
older adults. Each of these studies used the same crisscross pattern of shoe lacing that is 
most popular even though there are 43,200 possible lacing patterns for 12 eyelets 
(Polster, 2002). 
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Menant, Steele, Menz, Munro, and Lord (2008a) state that footwear is an easily 
modifiable risk factor for falls and impaired balance. Schwartzkph, Perretta, Russell, and 
Sheskier (2011) found that 34.9% of the population they assessed were wearing ill-fitting 
shoes and 90% did not know their correct shoe size (n = 235). While access to purchase 
proper fitting shoes may be limited for older adults due to expense or inability to access 
resources, or lack of understanding about shoe fit, it is also important to recognize that 
shoe fit is an art and also a science much in need of more information and that securing 
the shoe to the foot in an appropriate manner is an important component of shoe fit 
(Janisse, 1992).   
Addressing Foot Problems 
Not all foot, gait, and balance problems can be solved by matching up the pattern 
and adjusting the volume of the shoe to match the volume of a foot. There are myriad 
reasons, especially for older adults, why feet may not be flexible and dynamic or function 
well. Some examples include structural changes, muscle weaknesses, weight, blood flow, 
and injury. There are professionals whose main focus is diagnosing and providing 
treatment that improve gait. These include physical therapists, nurse practitioners, 
physician’s assistants, medical doctors, chiropractors, podiatrists, pedorthists, orthotists, 
and specialty nurses. Teaching people about footwear choices and encouraging older 
adults to seek professional help with footcare and foot wellness is well within the scope 
of all nursing practice. Nursing can also play a role in checking a person’s foot pattern to 
their shoes to assess match, adjusting the volume of a shoe with strapping or lacing, 
educating patients about shoe fit and the importance of securing a shoe to the foot and 
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also having discussions about gait and balance that may be of concern to their patient. 
Opportunity for a Nursing Intervention 
Heel securement and changing shoe lacing is a very inexpensive intervention that 
has been suggested, but the effects of  a lacing and shoe fitting intervention are rarely 
measured, especially on elderly feet.  Changing shoe lacing patterns can easily be applied 
and taught to patients by nurses, but there is a need for research about the effect of heel 
securement and the impact that lacing has on balance. Stolt et al. (2013) identified the 
role of nurses in promoting foot health and the need for nurses to have more knowledge. 
Given that foot pain is quite common in older adults (Menz, 2016), that balance and 
mobility are of great concern, and that some falls are preventable with the use of proper, 
well-fitting footwear and education about shoe fit, gait, and balance (Spink et al., 2011), 
this study not only adds to the body of knowledge but also has the potential to positively 
impact the health and quality of life of millions of individuals who are inadvertently 
suffering the consequences of ill-fitting shoes and avoidable falls.  
Purpose of the Study 
The purpose of this quasi-experimental study, with two interventions for three 
conditions: (a) Control 1st walk with the shoe laced by the participant, a 2nd walk with 
Intervention #1 where the foot is pulled back into the heel and the shoe and lacing pattern 
chosen by the participant is snugged by the researcher, and (b) a 2nd intervention, which 
is the 3rd walk, Intervention #2, where the heel is secured and the lacing pattern is 
changed by the researcher to shoe-shop lacing (sometimes known as straight lacing) and 
snugged, repeated-measures (many steps taken) study is to evaluate the changes in toe 
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pressures and experiences of comfort and pain during a walking activity by active 
community-dwelling adults (65+). 
Hypothesis 
Between conditions Control, Intervention #1 (heel secured, participants laces 
snugged) and Intervention #2 (heel secured shoe-shop laces snugged) during a 20-pace 
walking assessment, with participants being video and audio-recorded while wearing an 
F-Scan insert in their shoes.
1. Altering the lacing pattern and lacing snugness will affect toe pressures.
2. Securing the heel into the back of the shoe will alter toe pressures.
3. Over the Control), Intervention #1 (heel secured, participant’s chosen lacing
pattern snug): Toe pressures will diminish, comfort will increase, pain will
decrease, and participant’s posture will change as the heel of the foot is secured
into the counter of the laced shoe.
4. Over Intervention #1 and Control, Intervention #2 (heel secured and shoe-shop
lacing): Toe pressures will diminish even more with heal securement and shoe-




To evaluate the effect on toe pressures (TP) of moving the placement of the 
foot in the shoe and securement using two different lacing patterns.  
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 Hypothesis #1. As compared to the Control when the heel is secured, and the 
participants chosen lacing pattern is snugged Intervention #1 toe pressures (TP) will 
diminish.  
Hypothesis #2 When the heel is secured and the laces are changed to a shoe shop 
lacing and then snugged, Intervention #2 Toe pressures (TP) will be less than the Control. 
Hypothesis #3 When the heel is secured, and the laces are changed to a shoe shop 
lacing and then snugged, Intervention #2 Toe pressures (TP) will be less than 
Intervention #1 (the and heel securement and participants chosen lacing pattern snugged) 
Aim #2. 
To evaluate the effect on comfort of moving the placement of the foot in the shoe 
and securement using two different lacing patterns.   
Hypothesis #1: As compared to Control, the participant’s level of comfort as 
measured on a comfort visual analogue scale (M-VAS) and though their own words 
while walking 20 paces, both within their shoe and overall, will improve with the 
securement of the heel to the counter and their own lacing pattern snugged Intervention 
#1. 
Hypothesis #2: As compared to Control, the participant’s level of comfort as 
measured on a comfort visual analogue scale (M-VAS) and though their own words 
while walking 20 paces, both within their shoe and overall, will improve when the heel is 
secured and the laces are changed to a shoe shop lacing and then snugged -Intervention 
#2  
Hypothesis #3: As compared to Intervention #1  (heel secured and participant’s 
laces snugged) the participant’s level of comfort as measured on a comfort visual 
analogue scale (M-VAS) and though their own words while walking 20 paces, both 
within their shoe and overall, will improve when the heel is secured and the laces are 
changed to a shoe shop lacing pattern and then snugged (Intervention #2).  
Aim #3.  
To evaluate the effect on body pain of moving the placement of the foot in the 
shoe and securement using two different lacing patterns.   
Hypothesis #1: In comparison to Control, the participant’s level of pain and 
experience of pain both within their shoe and overall, as measured on the McGill Pain 
Scale and reflected in the participant’s words while they walk 20 paces, will improve 
with the securement of the heel to the counter and laces snugged (Intervention #1)   
Hypothesis #2: In comparison to the Control, the participant’s level of pain and 
experience of pain both within their shoe and overall, as measured on the McGill Pain 
Scale and reflected in the participant’s words while they walk 20 paces, will improve 
when the heel is secured and the laces are changed to a shoe shop lacing pattern and then 
snugged, (Intervention #2) 
Hypothesis #3: In comparison to Intervention #1 the participant’s level of pain 
and experience of pain both within their shoe and overall, as measured on the McGill 
Pain Scale and reflected in the participant’s words while they walk 20 paces, will 
improve when the heel is secured and the laces are changed to a shoe shop lacing pattern 
and then snugged, (Intervention #2). 
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Aim #4.  
To evaluate the change in posture that occurs of moving the placement of the foot 
in the shoe and securement using two different lacing patterns.   
Hypothesis #1: As compared to the Control the participant’s posture will be more 
upright with the securement of the heel to the counter (Intervention #1) and improve even 
more when the heel is secured to the counter AND forefoot lacing pressure is changed 
(Intervention #2). 
Sample Size 
Each participant in each Intervention #1 being tested is a pragmatic sample of one 
and, for descriptive purposes, becomes a case study. In the six studies that looked at the 
effect of a lacing intervention, the number of participants ranged from 14–41. In the two 
two-group studies, there were 20–21 participants in each group (Hagen et al., 2011; 
Sandrey,  Zebas, & Bast, 1996). Fiedler et al. (2011) also had 20 participants. None of the 
studies justified why they chose 20 participants.  
Effect size allows the researcher to measure the magnitude of a given effect 
(Sullivan & Feinn, 2012). Given that this study looked at how changes in TP as well as 
changes in conditions match up to the hypotheses, having enough participants to be able 
to assess the magnitude of the differences between conditions was an appropriate strategy 
for choosing the number of people invited to participate in this study.  
Cohen’s term d can be used to transform absolute differences into standard 
deviation units, which can then be used to calculate the number of subjects needed to 
avoid a Type II error. Cohen classified effect sizes into small (d = 0.2) Medium (d = 0.5) 
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and large, where d = 0.8 or more. A medium effect size is defined as visible to the naked 
eye of a careful observer (Sullivan & Feinn, 2012). Being able to detect a small effect 
size is most desirable but requires a larger sample size for the results to be statistically 
significant.  
While many of the reviewed studies utilized 20 participants, G -Power version 3.1 
was used to calculate the number of participants needed. This study only has one group, 
and there are three changes in condition.  While being able to measure a small effect size 
(f = 0.1) is preferable or even a moderate size (f = 0.17), the costs of sampling 161 
participants (small effect size) or even 54 (moderate effect size) is outside the realm of 
the financial capabilities of this researcher. At least 33 participants are needed for a large 
effect size of the group to be statistically significant, which is within the financial and 
logistical capabilities of this study. That being said, it is possible that for toe pressures, 
because there will be multiple repeated measures occurring in the 20 or so paces the 
participant takes, statistically relevant findings may occur if there are less participants. 
Population 
The population chosen for this study is community-dwelling adults (65+) because 
ineffective foot function has a substantial negative impact on their health, wellness, and 
quality of life (Awale et al., 2017). While most people desire to stay active, many within 
this population are either actively attempting to stay active or are seeing their quality of 
life begin to decline because of health-related issues (Drewnowski & Evans, 2001). 
From experiences in the field, this population is also seeking information that can help 
them stay healthier, especially if it is an inexpensive and easy-to-apply strategy that 
works. Additionally, in the literature search, this population was not included in lacing 
studies, which makes study of this population and the impact of heel-to-counter and a 
shoe-lacing intervention a unique contribution to science.  
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Figure 6 G-Power 3.1, Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009) 
(calculated 5/11/2019 by L. Chiodo, PhD and M. Clayton Jones, author) 
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Implication to Nursing 
This study is a practical application of the ecological model of health promotion 
by nurses in practice. The assessment of footwear being worn by older people and the 
impact the choices around footwear choice have on the overall health and well-being of 
these patients are very much within the purview of any registered nurse. The assessment 
conducted by a nurse allows for the collection of subjective and objective data and the 
creation of a plan. The sharing of knowledge about footwear and footwear choices that 
the nurse then uses to empower the patient enables the patient to take the action steps to 
change behaviors and choices, which then improves the patient’s overall health.  
A more concrete example of this lies in the education and prevention of diabetic 
foot ulcers and patient falls that nurses are expected to do to reduce costs to the medical 
system and improve patient well-being. Well-established relationships exist between 
diabetic wounds, elder falls, and ill-fitting footwear (Lord, Menz, & Sherrington, 2006; 
Menant et al., 2008a, 2008b; Menz et al., 2013). In addition, according to Burns et al. 
(2002), older adults quite often wear inappropriately sized shoes, and those shoes are 
seen to be the direct cause of ulceration and pain as well as contributing to imbalance and 
suboptimal gait.  
Influencing and making suggestions about the impact that the environment 
surrounding the patient has on health and well-being is certainly within the scope of 
nursing practice, but, when the nursing knowledge and education base are missing, 
negative consequences can follow. Erratic understanding of what constitutes safe 
footwear for older adults and lack of understanding about the relationship between 
footwear and falls is prevalent in nursing (Borland, Martin, & Locke, 2013; Stolt et al., 
2012). While information is out there about what nurses ought to know about shoe fit, 
finding this information in the literature is challenging, and it does not appear in general 
nursing curriculums. The opportunity by nursing to prevent injury and enhance patient 
health through the application of shoe knowledge is thus being overlooked by the 
profession (Borland et al., 2013).  
Thus, this study, which pulls from the field experiences of nurses who are already 
assessing feet and providing education to patients, is an opportunity to pave a more 
scientifically robust path that combines scientific knowledge with nursing practice to 
enhance the overall foot function and mobility of older adults. While this study is 
targeted at the relationship between nursing and older adults, in the spirit of prevention, 
no reason exists that these study findings cannot be translated into younger populations to 
prevent poor foot health and related issues from occurring in the first place. This 
knowledge can easily be delivered by nursing to any patient wearing shoes. Given that 
the population of adults (65+) in the US is growing and medical expenses incurred by 
Medicare related to suboptimal gait (e.g., falls, knee and hip pain are on the rise), the 
opportunity for nursing to reduce foot pain and improve the gait and balance of older 
adults though a simple, easy-to-apply intervention could have large financial and 




THEORY, THE SCIENCE, AND OBSERVATIONS FROM THE FIELD 
Securing a person’s foot to their shoe to improve overall function, mobility, and 
body alignment is important to overall health and well-being, which is within the scope 
of nursing practice. This chapter presents several theories to support the importance of 
the nursing role in foot health and also the relationship between people and their shoes. 
Some of the history behind shoes is brought into this chapter since form and fit of a shoe 
directly influence a shoe’s function. The review of the literature shares what scientific 
knowledge exists about shoe lacing and also highlights the gaps in our understanding. 
The literature review also highlights some of the measurement tools that have been used 
in the past to measure the impact of shoe lacing on comfort and pain as well as the tools 
that will guide this study to providing answers to the question “What is the effect of a 
shoe-lacing intervention on toe pressures, pain, and comfort and posture during a walking 
activity for community-dwelling elders?” 
Health Promotion and the Role of Nursing 
Health is a fundamental right of every human being and is considered by the 
World Health Organization (WHO) to be the state of complete physical, social, and 
mental well-being and not just the absence of disease or infirmity. Health promotion is 
defined as the process of enabling people to increase control over and improve their 
health, and to do that they need the knowledge, skills, and information to be able to make 
healthy choices (WHO, 2019b). 
In community or outreach nursing, health promotion and the sharing of 
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knowledge to prevent illness, disability, and/or adverse outcomes is much more the focus 
of care than of the disease-centered nursing often found in clinical settings (Association 
of Public Health Nurses, 2019). However, even in the clinical setting, the role of the 
nurse has been changing. From a nurse education perspective, the development of the 
nurse’s role in health education and prevention to empower patients has been seen as the 
path forward for nursing, especially since it not only reduces costs but also improves 
overall patient satisfaction and outcomes (Benson & Latter, 1998; Kemppainen, 
Tossavainen, & Turunen, 2013). 
Using a theory as a lens allows the researcher to systematically understand 
situations and events. Theories are made up of concepts, definitions, and propositions that 
are useful in explaining and/or predicting relationships between variables. The theoretical 
basis of health promotion is reflected in the practical actions undertaken by a nurse that 
promote the health of a patient (Benson & Latter, 1998). The Healthy People 2020 
framework emphasizes that health wellness programs are much more likely to be 
successful when they are designed to address multiple levels of influence on health and 
behaviors and look to an ecological model as a lens and a framework (Healthy People 
2020, 2019).  
The ecological perspective is a very useful model for understanding patterns of 
behaviors and the range of factors that influence well-being and health (Mcleroy, Bibeau, 
Steckler, & Glanz, 1988). The model makes an implicit understanding that health 
promotion interventions are fundamentally based on beliefs and understandings and 
recognize that myriad factors exist that influence healthy behaviors, as follows: (a) 
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Intrapersonal/individual factors that influence behavior, such as knowledge, attitudes and 
beliefs, and personality; (b) Interpersonal factors (e.g., interactions with others); (c) 
Institutional and organizational factors that include rules, policies, and regulations that 
promote or constrain healthy behaviors; (d) Community factors that include norms; and 
(e) Public policy that includes laws and policies that regulate practices and actions for
early detection, prevention, and management of diseases, and health practices (Mcleroy et 
al., 1988) 
In many countries, the registered nurse’s main responsibility is health promotion 
(Wilhelmsson & Lindberg, 2009). In the US, nursing education incudes health promotion 
content in its curriculum, and at the baccalaureate and master’s level, health education, 
health promotion, and disease prevention are listed in the Colleges of Nursing Essential 
documents (Chiverton, Votava, & Tortoretti, 2003). Multiple examples and studies 
provide the theoretical basis and support underlying the practical health promotion 
activities of nurses (Kemppainen et al., 2013).  
Helson’s adaption-level theory suggests that humans naturally adapt to mild-to-
moderate sensory stimulation over time to the point where their awareness of the stimulus 
approaches zero. It is therefore very possible that the way a shoe is being worn by aging 
adults and their experience of comfort and balance have been normalized by them, even 
though chronic foot pain and feeling off balance are very common among this population 
(Menz et al., 2013).   
Function of a Shoe 
While shoes can be fashionable or can be used for orthotic or prosthetic purposes, 
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a shoe is fundamentally for protecting the foot from environmental impact such as 
walking surfaces and temperature (cold, hot) during normal daily activities that involve 
standing and walking. Just like the environment surrounding a person, the fit of a shoe to 
a foot and the protection or lack of protection the shoe has to offer have a direct impact 
on the wearer of the shoe (Hurst et al., 2017; Menant et al., 2008b; Menz et al., 2013). 
For this study, thus the shoe is considered to have an direct environmental impact on the 
person wearing the shoe.  
Ecological Model of Adaption and Aging 
M. Powell Lawton and Lucile Nahemow’s work in the 1970s and 1980s looked at
person-environment relationships in aging populations. Lawton and Nahemow believed 
that while a person and their environment form a unified system that is hard to separate, it 
is beneficial for heuristic purposes to try to measure the environmental influence and the 
person separately (Nahemow & Lawton, 1973). They named their framework an 
Ecological Model of Adaption and Aging (Lawton M. P., 1980). According to Lawton, 
“The model allows researchers to view environmental situations and serves as an 
example of more general phenomenon called environmental press” (Lawton, 1980, p. ix). 
Within the interdependence between environment and person are competences that fall 
into the domains of biological health, sensorimotor functioning, cognitive skill, and ego 
strength Lawton, 1980).  
Their theory also speaks to the relationship between daily necessity and desired 
activities and the performance and comfort of those activities (Nahemow & Lawton, 
1973). Their work is typically seen influencing larger systems such as modifications 
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made in homes and institutions that reduce the demands of the environment on the 
physical needs of a person, but the theory can easily be applied to the way that people and 
their shoe environment interact. The theory also recognizes behavioral components as 
well as the physical environment that is defined as all that is inanimate (Lawton, M, 
1989).  
Their theory posits that an individual operates at best when the environmental 
press is moderately challenging (Nahemow & Lawton, 1973). The relationship between 
the environment and a person’s competence at managing is a dynamic interaction called 
Person-Environment fit (P-E), where P-E is both objective and perceived and is a 
measure that looks at the balance between competence and environmental press (Lawton, 
1989).   
The model is clear that a physical barrier is not necessarily a problem, rather the 
physical barriers in the environment have a different magnitude of effect on different 
people. Those less functionally able, or who are less competent, it is believed, will be 
more sensitive to the demands of the environment than those who are more capable or 
higher functioning (Iwarsson, 2005). 
Nahemow and Lawton (1973) demonstrated the connection between people and 
the objects that they choose to live with (both the micro- and macroenvironment) and 
believed that the performance and comfort with activities of daily living come with 
control over personal space (which signifies control over one’s existence) and the sense 
of well-being that comes with feeling in control. They felt that this level of comfort and 
control can be lost and that loss would lead to physical and psychological decline 
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(Windley & Scheidt, 2003). 
For this study, shoes were considered the microenvironment, and how the shoe 
fits and feels to the person wearing the shoe is the relationship between the person and 
the environment (the shoe). The comfort of the shoe on the foot as expressed by the 
wearer of the shoe during activity is thus a reflection of the person’s experience of the 
environment (the shoe) where Person and Environment (P-E) are interacting directly.  
A Brief History of Shoes 
Changes in the structure of human foot bones (the pedal phalanges) attributed to 
the use of footwear can be traced back to the 40,000-year-old early modern human 
remains found at the Tianyuan project site (Trinkaus & Shang, 2008). The oldest 
footwear are the Fort Rock sandals from Oregon, which are about 10,000 years old. 
These shoes were woven out of sagebrush (Connolly, 2018). The oldest leather shoe 
dates back 5,500 years (Pinhasi et al., 2010). It is made of a single piece of leather and a 
leather thong that laced the shoe onto the foot. By Roman times, vegetable tanning made 
shoes waterproof and opened the way for a variety of styles including hobnail shoes and 
sandals that were both open and closed toed. Leather thongs and strapping were the most 
commonly used attachment devices (Gill, 2017).  
Be it a buckle, a strap, a ribbon, a lace, Velcro, or the design of the shoe itself, 
throughout the history of shoes, some sort of securement device has always existed. 
These means of securing a shoe to a foot are integrated into the design of shoes and are 
limited only by imagination. All shoe securement, including lacing, works by utilizing a 
pulley system. Pulling on the lacing system pulls the shoe together (Polster, 2006) and, 
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depending on how a shoe is secured, different parts of the foot will be affected. Adjusting 
the lacing pattern, and the tension, changes the way the shoe gets pulled together (Polster, 
2002). In modern times the most commonly seen lacing pattern is the crisscross pattern; 
however, according to Burkard Polster’s calculations, there are actually 43,200 functional 
ways to lace a pair of shoes with twelve eyelets (Polster, 2006).  
Shoe-to-Foot Coupling 
Shoe lacing is therefore a method of coupling the shoe to the foot. The way the 
foot functions and the way the shoe functions are therefore impacted by the way the shoe 
is coupled to the foot. For example, the counter (the heel of the shoe) supports the heel of 
the foot and helps withControl (Control) of rear-foot motion and the stabilizing of the 
subtalar joint (Sandrey, Zebas, & Bast, 2003). It then stands to reason that, when the 
counter and the heel are not coupled, the counter is not able to stabilize the foot as the 
shoe manufacturer intended. Other examples include increasing plantar flexion and toe-
gripping when a shoe feels too loose (Hagen, Feiler, Rohrand, & Hennig, 2011). When 
securement is suboptimal, other foot structures may engage to hold the shoe on instead of 
being utilized to enhance the performance of the foot (Hagen et al., 2011). 
Review of the Literature 
An extensive search through the nursing and medical literature was conducted to 
try to understand the scope of understanding. This broad search involved looking at what 
nursing understood about shoes and shoe fit and the impact it had, and what the medical 
literature said about toes, toe function and the causes of foot deformities. The physical 
therapy literature was also looked at along with literature from the shoe manufacturing 
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field. This approach expanded understanding and narrowed the field findings to be able to 
conduct a focused literature search. A PubMed search of “shoe-lacing” Shoe-lacing[All 
Fields] AND ("shoes"[MeSH Terms] OR "shoes"[All Fields] OR "shoe"[All Fields]) 
AND lacing[All Fields] conducted on April 9, 2019 through the University of 
Massachusetts Library brought 14 total results. Articles that pertained to surgical 
procedures and shoe modifications and articles that were not available were excluded, 
leaving three for review. In CINHAL complete, restricting the search to just academic 
articles, using search term “shoe lacing,” five results were obtained. All five were read. 
One article that steered patients towards the correct sports shoe was excluded as lacing 
was not a major factor in it. The three articles from Pubmed were also in CINHAL, 
making a total of four articles for review. A discovery search using search term “Shoe 
lacing” with dates from 1981 to present, English language, and scholarly peer reviewed 
garnered 34 results. Surgical techniques, politics, and mathematical calculations were 
excluded, leaving six articles for review. Of those six, four articles were duplicates, 
which added two more for review, for a total of six peer-reviewed articles for full review 
(see Figure 7).  
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Lacing Systems 
Discussion appears in the lay literature about trying different lacing patterns when 
shoes don’t fit (Dawson-Cook, 2015). A helpful website called “Ian’s Shoelace Site” 
(https://www.fieggen.com/shoelace/) showcases a large variety of shoelace patterns for 
different foot types and artistic purposes. The shoelace book also has a vast array of shoe-
lacing techniques but lends itself more toward the mathematics and forces of the shoe-
lacing patterns (Polster, 2017). While these sources purport the usefulness of different 
lacing strategies, no references could be found to studies that look at the effects of these 
lacing strategies on study participants.   
The articles selected for review were all published within the last 10 years even 
though longer date ranges or no date had been specified. A separate search of “comfort 
AND “Shoe fit” performed in CINHAL in academic journals brought up just 8 articles 
and the addition of “shoe lacing” to that search only brought up one article. In PubMed 
Figure 7 Flow-chart of literature review.
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41 articles appeared under search terms “Comfort AND Shoe fit” and, when shoe lacing” 
was added, the same singular article that CINHAL identified was identified. While these 
articles were not reviewed it is hard to ignore that there are very few articles regarding 
the impact of shoe lacing on foot comfort or foot biomechanics even though shoe-fit 
comfort is considered to be a primary reason for a person to purchase a pair of shoes 
(Hagen et al., 2011; Menz et al., 2006). A comfort measure was included in four of the 
studies (Fiedler et al., 2011; Hagen et al., 2010; Hagen et al., 2011; used a 7-point 
comparison of comfort between left and right tests. Fiedler et al. (2011) reported on 
participants’ experiences of comfort and description of the impact of the lacing 
intervention on heel slippage and movement within the shoe (not a direct comfort 
measure). Hagen and Hennig (2009) recorded participants’ perception of comfort using a 
questionnaire that ranked the shoelace interventions as being most comfortable to least 
comfortable. Hagen et al. (2011) also used a perception-of-comfort scale, but no 
description of the actual scale was given.  
It is also noteworthy that even though mathematically there are 43,200 different 
ways to lace a pair of six-eyelet shoes (Polster, 2017), each of these experimental studies 
utilized a variation of the lacing pattern that is often called crisscross lacing but no other 
lacing patterns were examined. Each study had its own descriptor for the pattern under 
examination. Five out of seven studies only adjusted or varied the top two eyelets. 
Rahemi et al. (2017) used a specialty closure device that mimics crisscross lacing, and 
Hagen and Hennig (2009) reduced the number of eyelets laced but still utilized a 
crisscross pattern.  
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Mathematically, the crisscross pattern is the strongest type of lacing for short 
shoes, but there are many, many other ways to lace a pair of shoes. The crisscross pattern 
and the seven eyelet “runners” lock, otherwise known as the 7th eyelet, that is offset on a 
running shoe also happen to be the only two manufacturing patents for eyelet shoe lacing.  
All the studies found were an experimental design. The number of participants 
with a lacing intervention was 20 or less. Hagen et al.’s 2011 study that compared high-
level runners to lower level runners was the only study that made a comparison of the 
intervention between two groups. All other studies looked at the effect of the intervention 
on the participant. Some of the studies used the left foot as a control and only did the 
intervention on the right foot. Rehemi et al. (2017) and Fiedler et al. (2011) studied the 
effect of lacing patterns on participants while walking. The other studies were covered 
the effect of lacing patterns for running. A perceived comfort measure was used by four 
of the studies: Hagen et al. (2010); Hagen et al. (2011); Fiedler et al. (2011); and Hagen 
and Hennig (2009). Technical measurements were used in six of the studies and included 
plantar pressures (Fiedler et al., 2011), 2D peak performance video (Sandrey et al., 2003), 
capacitive pressure insoles (Hagen et al., 2010), (note insoles were removed and 
participants were given 5 minutes to become accustomed to the insoles), plantar thermal 
stress response (Rahemi et al., 2017), (note goniometer and potentiometer measurements 
and ground force measurements (Hagen & Hennig, 2009). No authors collected any 
qualitative data or assessed subjective responses.  
Only one study, Fiedler et al. (2011), included participants over 30 years old. 
However, they did not include participants over 65. Participants in all the studies were 
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excluded if they had a deformity or a condition that would affect gait and balance. 
All the studies that measured perceived comfort had changes in perceived comfort 
with different shoe-lacing patterns. The least comfortable lacing patterns were the tightest 
(Fiedler, Stuijfzand, Harlaar, Dekker, & Beckerman, 2011a; Hagen, Feiler, Rohrand, & 
Hennig, 2011; Hagen, Homme, Umlauf, & Hennig, 2010) but these lacing patterns were 
also the most secure and stable.  
The loosest lacing patterns had the lowest average peak pressures on the forefoot 
but they were increased on the toes (Fiedler et al., 2011). Fielder et al. postulated that this 
might be due to toe clawing, but no studies could be found on the impact on toe pressures 
and measures of comfort or pain that toe clawing has.  
Foot Plantar Measurement 
Foot plantar measurement systems are designed to measure the foot plantar 
pressure that occurs between the foot and the surface the foot is in contact with. This is 
typically done to better understand the pressure relationships of the different aspects of 
the foot connecting to a surface (e.g., the inside of a shoe). The information derived helps 
scientists better understand the relationship between the biomechanics of the foot and the 
shoe the person is wearing. Miniature, lightweight, flexible wearable wireless technology 
now allows foot plantar measurements to be conducted both in static and dynamic 
conditions. Examples of use include sports performance analysis, injury prevention, 
improvements in balance control, medical diagnosis and also footwear design (Abdul 
Razak, Zayegh, Begg, & Wahab, 2012; Bonato, 2003).  
While there are several types of wearable sensors on the market, for this study the 
38 
Tekscan F-Scan system was utilized. It is a plantar pressure scanning device with a 
license that is readily available (see Appendices A and B for details and illustration). The 
F-Scan sensor is often used commercially for footwear design and is one of the few on
the market that is able to measure changing toe and plantar pressures over an orthotic or 
an insert when a person is standing and also walking or running.  
Comfort 
Patient comfort can be defined as “the immediate state of being strengthened by 
having needs met in four contexts of human experience—physical, psycospiritual, social, 
and environmental” (Kolcaba, 2001, p. 49). In nursing, it is seen as a dimension of 
holistic care and to a greater or lesser extent is influenced by different factors (Kolcaba, 
2001). Comfort is a subjective feeling that is influenced by both the individual and their 
personal perceptions.  Physical symptoms, the influence of the environmental, 
interpersonal relationships, beliefs, values, and experiences have all been shown to 
influence a person’s experience of comfort.  
Footwear Comfort 
During normal locomotion, the foot connects with the ground and functions to 
both support and cushion the musculoskeletal system. With 26 bones and a multitude of 
ligaments, tendons, and muscles, the foot is mechanically able to adapt to uneven 
surfaces to keep the body in balance. The foot also contains myriad sensors that transmit 
information to the rest of the body.  
While wearing shoes, comfort is a subjective feeling that can be difficult to 
define. While most people are able to tell you that a shoe is either comfortable or 
39 
uncomfortable, subjective comfort of footwear is influenced by an individual’s 
perception of neurophysiological, mechanical, and psychological factors (Chen, Nigg, 
Hulliger, & de Koning, 1995; Jordan, Payton, & Bartlett, 2002). Comfort is an important 
component of design in the footwear market, and rating scales can be used to measure 
comfort. Lindorfer, Kroll, & Schwameder, H. (2018), when measuring comfort between 
different shoes worn by the same person, found that inter-rater reliability was greater with 
a ranking scale that measured comfort but that a 100mmVisual Analog Scale (VAS) had 
the highest reliability for ascertaining discomfort. The strength of using a VAS is that the 
scale measures on continuum making it an interval level scale. A 100mm continuous 
VAS has been shown to be a reliable measure of footwear comfort, with the end points 
“not comfortable at all” to the left and “most comfortable condition imaginable” at the 
right (Hintzy, Cavagna, & Horvais, 2015; Mills, Blanch, & Vicenzino, 2010).  
A mechanical Comfort Visual Analog Scale (M-VAS, not pen and paper) is a 
simple-to-use, readily available mechanical slider device. Price, Bush, Long, and 
Hawkins, (1994) found that a mechanically visual analog scale (M-VAS) that participants 
moved to demarcate their pain was a more accurate method of measuring pain intensity 
and the relationship between different pain intensities than a pen and paper VAS scale. 
They also found it to be very easy to administer.  
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Pain Assessment 
While there are many pain assessment tools available for use, in this study, 
comfort, or lack thereof, can also be described as pain. The McGill Pain Questionnaire 
(Figure 6) is a robust pain assessment tool that has been in use for many decades. Its 
reliability and validity are well documented (Dworkin et al., 2009).  
The strength of the assessment is that it allows the participant to use chosen words 
to describe their current experience of pain and the words can be translated into 
quantitative data that can be treated statistically. The words used are also grouped into 
specific types of pain a person might be experiencing, for example sensory, neuropathic, 
or chronic. It is also one of the few pain assessment tools that includes a body diagram. 
This tool will be appropriate for this study because the foot plays a very important role in 
absorbing mechanical stress and, when foot function is suboptimal, causing pain and 
Figure 8 McGill Pain Scale with body diagram. 
discomfort in other body parts, e.g., knees and hips (Gross et al., 2011). 
Foot Measurement 
The gold standard for measuring a foot for footwear is a device called a 
Brannock. Patented in 1927, the Brannock (see Figure 9) measures overall foot length 
(from heel to the longest toe), arch length (from the heel to the 1st metatarsal) and widest 
width (Janisse, 1992). The arch length is the most important measurement for a shoe 
because, while the overall foot length may be similar for many people, arch lengths 
differ.  (Brannock, 2019).  
For example, a person may have a short arch length and long toes and have the 
same foot length as someone who has a long arch length and short toes. For both foot 
measurements, the measurement begins at the heel. While this three-measurement system 
may be the practice standard, the utilization of the most important component—the arch 
length—is mostly ignored by the footwear industry, which typically labels shoes with the 
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Figure 9 Brannock device. From 
https://brannock.com/pages/instructions-fitting-tips 
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overall foot length. Since wearing the wrong-size shoe can cause foot pain, it is more 
appropriate for this study to use a tracing of the foot to understand the pattern of a 
person’s foot and how it fits into their shoe, vs. mere measurement of the foot. 
A foot can also be measured using a soft tape or a ruler. A tape can be wrapped 
around the foot, while a ruler can either be placed against the base of the foot or used to 
measure a tracing of the foot. Conversion into standard sizes can be done with a 
conversion chart. European sizes differ from English and US shoe sizes. Not all sizing is 
the same, as the shape of the last differs from shoe to shoe and manufacturer to 
manufacturer. 
Observations From the Field 
For their shoes to be comfortable, easy to slip on, and to accommodate a wider 
forefoot and increased volume due to fluid retention, the older adults, who we see in 
practice, are purchasing shoes that accommodate the foot, rather than the optimal choice 
of a shoe, one  that fits their feet. The larger shoe (See Figure 10) gives them the room to 
 Figure 10 Field example Shoe larger 
than  the foot, patient deemed 
"comfortable." 
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maneuver in the shoe, and the increased volume accommodates the shape of the foot and 
they feel that the shoe is comfortable, because the shoe is not tight. When a person is 
sedentary, the fit of the shoe has little impact on the foot beyond putting pressure on the 
foot where it comes into contact with the foot.  
When feet swell, we see that patients are apt to loosen the laces or other 
securements, or just slide into the shoes, like slippers, that fit. This looseness, and 
sloppiness in the shoe (see Figure 11), we think, is adversely affecting foot function, gait, 
and balance. In keeping with the literature, the people we see are primarily concerned 
with the comfort of the shoe, the ease of putting it on, and they seek to avoid immediate 
shoe-related foot pain. We have observed, however, that they rarely consider the impact 
of their shoe choices or connect their shoe choices and foot to shoe fit with other hurting 
body parts. From the literature and from our experiences in practice, while not all foot 
problems can be solved with footwear, some callusing, corns, foot and body pain, and 
Figure 11 Heel forward to 
accommodate width of foot to 
shoe 
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suboptimal gait and balance can be avoided with better shoe fit and suggest that this 
strategy be the first line of prevention delivered through education rather than expensive 
fixes, like orthotics, medications or surgeries.  
We think that when a shoe has too much room or is not securely fastened to the 
foot, as the person begins to move, the foot moves forward or sideways in the shoe. We 
do not think that this is always a sizing problem. While we often see shoes that are too 
big for patients, we also see patients in the correct size (from heel to toe with about 3/8 
inch beyond the longest toe) with misalignments in the pattern of the shoe to the foot. 
People with long feet and short toes are being matched into shoes that are designed for 
short feet with long toes and vice versa. We also see people who have shoe patterns that 
fit their feet well and yet they are failing our one-finger test, which has led us to believe 
that there is a volume problem and that pain and suboptimal gait are byproducts of the 
shoe not being secured well to the foot.  
Securing the shoe to a 3D foot is not that simple, because the foot varies not only 
in height and width, but it has lumps and bumps, and it can also expand and contract with 
fluid and flexion and extension. We have noticed that, if the shoe is too uncomfortable, 
the person will stop and either re-secure the shoe or discard the shoe. However, if a shoe 
is perceived to be comfortable, the person will choose to make adjustments to the shoe, 
by tightening or loosening the lacing, or making small physical adjustments to their foot, 
posture, gait, and balance to adjust and accommodate to the mismatch between the foot 
and the shoe. This strategy of adaptation is possible because the body is dynamic and 
flexible, and people can adapt their bodies and choices both consciously and 
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subconsciously in response to environmental stimuli. 
One method of keeping a shoe on the foot—the method that is of interest to this 
project—is to flex the toes, utilizing a technique called “toe-gripping” (See Figure 12). 
Toe-gripping not only applies downward pressure to the toes, it also increases the 
height of the arch. While this changes the shape of the foot and increases the height of the 
foot, the foot also becomes inflexible. This strategy also shortens overall foot length 
because regions of the foot, like toes and tarsals bend and retract.  
In the field, we think we are seeing this as toe-prints in the front of the shoe or 
slipper (See Figure 13). The thought is that the strategy works well for holding on the 
shoe. However, while there are benefits to holding the shoes on, there are also losses. 
Once the toes are engaged in toe-gripping, we don’t think that the toes can be 
independently mobile, which means that they are not available for balance or able to flex 
and bend. Not all toes need be involved. Some toes, e.g., the fourth toe, or second toe 
Figure 12 Toe-gripping increases the 
height of the arch 
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(which we often see a stronger print of) may be used for shoe-gripping, and the great toe 
may still be used for toe-off, and the little toe still be used for sideways balance. While 
this may be adaptive behavior, over the long term the biomechanics of the foot also 
appear to adapt. While we see many mallet and claw toes and bunions, we also notice that 
many toes that initially look like mallet, claw, and hammer toes are tensioned, rather than 
frozen, into these positions. We have found that with massage and manipulation that 
improves range of motion, the foot and toes can be released and lengthened, and that toe, 
foot, and ankle flexibility improve greatly. We also notice that many of the feet we care 
for are initially very stiff and inflexible, and we surmise that the constant clenching and 
downward pressure on the toes that then radiates into the foot, which is not being 
released, may also be negatively affecting the foot’s ability to pump blood and lymph and 
activate muscles, decreasing the ability of the toes to be sensitive to changes in force. 
Being sensitive to changes in force is a component of the proprioception system that 
helps people sense the environment and remain balanced.  
Figure 13 Toe-prints at 
the front of a shoe 
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We think that when the foot can no longer act as a sensor and becomes stiff or 
even rigid, normal gait turns into accommodating gait. We surmise that the heel-off and 
toe-off phases of gait become much more difficult when the toes are holding onto shoes 
because the foot remains locked in a holding-onto-the-shoe configuration.  
This locking caused by shoe-holding-onto, we think, prevents and inhibits the 
multitude of flexible and dynamic positions that occur during the seven phases of gait. 
During normal gait (see Figure 14), the foot both expands and contracts and locks 
and unlocks. All 26 bones in the foot are active, as are the muscles, ligaments, tendons, 
and fascia. All three arches are supposed to bend and flex and are involved in balancing 
the weight of the body and transferring that weight into the ground. The foot is also a 
passive-and-active pumping system involved in venous and lymph flow. It is also 
involved in absorbing and transferring multiple forces of motion in ways that minimize 
detrimental impact to foot and other body parts. For example, the calf muscle pump, 
which is a very important component of venous return from the leg, works most 
efficiently when body weight is transferred (the stance phase) rather than the toe-off, or 
tiptoe phase, contrary to what many people think (Lattimer, Franceschi, & Kalodiki, 
Figure 14 Weight on walking phase of normal gait cycle 
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2017). It is therefore even more important to recognize that when weight transfer is 
suboptimal, and when the foot is rigid rather than flexible, there are numerous 
detrimental effects to health and wellness.  
Foot mechanics are complicated because foot function is complicated, but when 
the foot does not function well, the way the body moves is affected. If toes and the foot 
are being used for holding the shoe on, and the foot remains locked and inflexible, there 
will be an impact on the body. A locked foot may be able to support the whole weight of 
a person, which happens naturally in the weight-on phase of normal gait, however, 
continuing to have a locked foot, because the foot is being used to hold the shoe on (aka 
toe clawing),  not only prevents the foot from absorbing the impact of the body 
connecting with the ground, it also prevents the foot from expanding and contracting and 
moving to accommodate imbalance and move a person optimally across the ground. In 
addition, we think that the impact that is not absorbed well by the flexing of the foot 
possibly reverberates throughout the body, causing pain and additional stress, tension, 
torque, and stiffness on other joints; e.g., knees and hips. The lack of flexibility and 
movement, we think, is also detrimental to the blood and lymph flow systems. This is 
especially true around hard-surface walking, where the ground is unable to give to the 
weight of the person. In the US, hard-surface walking (e.g., sidewalks, paved roads, 
shopping malls, and supermarkets, especially in cities) is far more prevalent than soft-
earth walking environments.  
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Natural Walking 
In barefoot walking, on soft ground, for someone with optimal foot function and 
shape, the ground gives way to the person’s weight. An obvious example is when a 
person leaves footprint in sand (see Figure 15). 
During normal walking, when a person moves from midstance to heel-off, the 
person moves forward and the great toe becomes a lever, while the middle toes and little 
toes serve as balancers. In the heel-strike and flat-foot phases, if the toes are not 
otherwise engaged, they can engage in sensing pressure changes and can flex and bend to 
make small adjustments that help with balance and motion. In barefoot walking, during 
the heel-strike, flat-foot, and midstance phases, when weight and balance are optimally 
placed on the calcaneus, (the largest weight-bearing bone located in the rear of the foot) 
the toes are free to extend dynamically, which reconfigures the tendons and ligaments so 
that they can bend and flex as needed, and releases tension and pressure in the fascia. 
Figure 15  Footprints 
in the sand 
Fascia is connective tissue that winds itself through the body. This connective tissue can 
become inflamed if too much tension or pressure is exerted on it, as in plantar fasciitis. 
Foot function is therefore influenced not only by the surface that it is coming in contact 
with but also by the efforts involved in holding onto and walking in footwear. 
Foot to Shoe 
If a shoe is secured appropriately to the foot, we think that the shoe ought to move 
as the foot moves. We think that the term secured to the foot means that the shoe allows 
the foot to move through all stages of gait without negatively impacting the gait. It means 
that the heel remains secured into the heel (counter) of the shoe during the heel-off and 
toe-off stages of gait. It also means that the foot and toes and arches have the space to 
function properly. If the forefoot and the toes have enough space in the shoe, and there is 
little force on them, the foot and the toes can flex and bend and respond appropriately. 
When the foot bends at the metatarsal region, the shoe ought to bend there too (Janisse, 
1992). If the shoe does not bend at the same place that a person’s foot bends, then gait 
and comfort will be affected. If the volume of the shoe is such that a person is sliding in 
their shoe, or the toes need to engage to hold the shoe on, or the shoe’s heel separates 
from the foot at any point, then gait and balance will be suboptimal because the foot is 
engaged in holding onto the shoe, rather than optimizing balance and gait.  
Since a person is able to both subconsciously and consciously adjust their body 
and also their footwear choices, in order to prevent injury or adverse outcomes, we 
surmise that older adults are prioritizing foot comfort over foot function and in doing so 
are inadvertently paying a price in posture and gait as a result of those choices. We think 
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that much of the pain they feel throughout their body has some association with the 
constant tension that is happening as a result of the tension that is occurring  from 
holding their shoes on and the impact of their weight hitting hard floors. We also surmise 
that there is a lack of general understanding about balance, foot function, footwear fit, 
and volume adjustment that is endemic in our society. This could be partially solved if 
people had a better understanding of foot pattern and shoe volume fit. 
Foot Pattern 
The pattern of a person’s foot can be drawn (see Figure 16) by making a tracing 
of the foot onto a piece of paper. This pattern can then be cut out and utilized. Just as a 
Brannock device can be used to measure a foot to match it to a shoe, so can the pattern. 
If the pattern fits the pattern of the shoe, then there is a good chance that the shoe 
will fit. In order to convert the pattern into a shoe size, a ruler and a conversion chart can 
be utilized.  
It’s important to remember that there are foot lengths, from the heel to the widest 
Figure 16 Pattern of participant's 
foot drawn on paper. 
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part, the metatarsals (this is called the arch length and is the actual length of the foot) and 
then the length from the heel to the end of the longest toe (called the overall foot length; 
(Janisse, 1992). A person with a short foot and long toes has a different foot pattern than 
a person with a long foot and short toes, even though the overall length is the same. In 
order for their foot to function well in a shoe, they therefore need a different shoe pattern. 
We have found that, given the confusion about shoe sizes and fit, a pattern, rather than a 
measurement, allows for greater recognition of individual foot nuances and enables the 
person to find a shoe that matches the pattern rather than a shoe size that is not reflective 
of a person’s individual 3D foot shape. We surmise that if the pattern does not fit the 
shoe, then the fit of the shoe to the foot will never be optimal. That being said, we have 
found that if the heel is secured to the back of the shoe and the shoe bends where the foot 
bends, then additional length to the shoe, if it does not become an obstacle or trip hazard, 
does not adversely affect shoe fit and comfort 
Fit and Comfort 
The structural volume of a shoe is controlled by the “last” that the shoe is built on. 




A last is a rigid mold. When a shoe is attached to a foot, the volume of the shoe can be 
changed by strapping or lacing. Adjustment of the strapping or lacing increases or 
decreases the volume of the shoe because the tension on the strap or lace can be adjusted. 
The more places that a shoe can be tensioned, the more control a wearer has on adjusting 
the volume and fit of the shoe. Changing the volume of the shoe increases or decreases 
the pressure on the foot. Having multiple eyelets, for laces to be threaded through, allows 
for much greater adjustment of the shoe volume than a single strap or buckle. For 
example, three eyelets on either side of a shoe (for a total of six) will give less tensioning 
control than six eyelets on either side (or 12 eyelets in total). Typically, eyelets and 
strapping are positioned across the dorsal aspect of the foot.  
For shoe fit to be optimal, we think that the wearer of the shoe not only needs to 
know how to operate the securement device but also should know, and want to care to 
know, and apply, how to appropriately secure a shoe to the foot to optimize foot function. 
We have observed that changing the configuration and placement of the securement 
device changes the way a shoe is connected to the foot. If tension and pressure are placed 
well about the foot, then the shoe will not only be comfortable, it will also be firmly 
attached to the foot so that foot biomechanics appear to be optimized and all five contact 
points, heel-strike, flat-foot, midstance, heel-off, and toe-off, easily occur. If the pressure 
is incorrect and pressure pain or toe-gripping occur, we observe then that not only does 
the shoe feel uncomfortable, but foot and body biomechanics are suboptimal, and gait is 
adversely affected.  
Shoelaces are the strings or cords that are used to secure a shoe to a foot (see 
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Figure 17). This can also be done with a buckle or a strap. Whatever the securement 
option chosen, we think that adjustments either increase or decrease the volume of the 
shoe and affect the shape of the shoe. We have observed in the field that the shape of the 
shoe can easily be distorted by changing the way the strap, buckle, or lace is tensioned. 
The more tensioning points there are on a shoe the more adjustments can be made, which 
is why lacing through multiple eyelets is a very common form of foot securement device 
and our preferred method of securement for many patients.  
We also observe that the texture and shape of a shoelace can impact the comfort 
and strength of a lace. A flat lace may be more comfortable on a foot with a thinner 
material (e.g., a skateboarding sneaker), while a silk ribbon may work better on a ballet 
shoe. Round laces are often found on work boots and hiking shoes because the weave of 
a round lace is often stronger than the weave of a flat lace. But this is not a hard-and-fast 
rule, as the material and quality of a lace depend on manufacturing specs.  
We have noticed that the way the lace is threaded around or through the 
attachment points affects the amount of tension that can be put on that lace directly. As 
with any pulley-and-lever system, the eyelets or the buckle or the corresponding Velcro 
points all act like pulleys so that the force exerted by the lace or attachment device can be 
reversed. We also have noted that not all attachment points need to be used. In keeping 
with pulleys and lever mechanics, the more reversal points there are the more adjustments 
and tension that can be applied without having to increase the force on the lace. In lacing, 
changes in the way the lace is routed through the eyelet system not only tension the shoe 
differently, if a shoe is made of a flexible material, like leather, it can also distort the 
shape of the shoe. By pulling on the lace (1) the shoelace pulls the left side of the shoe 
tighter (2) See Figure 18. This is how pulleys and leverage work.  
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Figure 18 Pulling on a 
lace pulls the opposite 
direction of the shoe.
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Crisscross lacing (Figures 17 and 20 ) is one of the most common types of shoe 
lacing. Starting at the bottom eyelet, the shoe laces crisscross each other as they come up 
from the bottom of the shoe, crossing over in between the flaps on the top of the foot. It 
is often the preferred lacing method for comfort because the overlap of the lace occurs in 
the space between the sides of the shoe, which prevents the shoe from pressing into the 
foot (https://www.fieggen.com/shoelace/). How a person tensions each crossing will 
influence how the lacing and the shoe feel and secure the shoe to the foot.  
Another type of lacing is called shoe-shop lacing, though less commonly used by 
owners of shoes. Shoe-shop lacing (see Figure 20) is so called due to it was commonly 
used by shoe shops because factories shipped them laced that way 
(https://www.fieggen.com/shoelace/). The lacing starts at the bottom eyelets. One lace 
then runs directly up and across the shoe to the top opposite eyelet. The other lace is 
snaked back and forth through all the remaining holes. 
Figure 19 Shoe-shop lacing, Intervention #2, 
also known as factory/single-helix/zigzag 
lacing. 
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Crisscross lacing is slightly stronger than the shoe-shop lacing but not by much 
(Polster, 2002). The advantage of the crisscross lace is that the pressure of the lace 
tension is evenly distributed across the foot and each eyelet set can be tensioned. The 
advantage of shoe-shop lacing over crisscross lacing, we have found, is the ability to 
easily tension both the top and the bottom of the shoe by pulling on just the upper laces, 
and also the ability to distort the side of the shoe (in this case, the great-toe side), which 
changes the shape of the shoe box and lifts the front of the shoe slightly (see Figure 20). 
This action is thought to not only make securing the heel easier (by forcing the toe to lift 
and the foot to move back), but it also could be moving the force of the lace to just 
behind the head of the metatarsals instead of slightly in front of them, which then allows 
the toes to open up rather than being constrained. We think that this is also allowing the 
transverse arch to function better, even on feet that are quite deformed and/or stiff. This 
effect may also have influenced comfort and the reduction in toe pressures (TP). In softer 
shoes, for example sneakers, we have noticed that tensioning the laces easily distorts the 
Figure 20 Pulling on a lace 
pulls the opposite direction of 
the shoe. 
Figure 21 View of completed 
shoe shop lacing 
shoe and pulls the sides together. We also see that thinness of the materials in a lot of 
shoes, that we see also, allows the foot to feel the pressure of the lace. Tight round laces 
can have a different feel than tight flat laces; and it is perhaps the tightness of round 
lacing pressing on the foot, as well as the challenges donning a shoe that may be making 
older people with physical challenges also avoid lacing their shoes properly.  
Summary 
Health promotion is defined as the process of enabling people to increase control 
over and improve their health, and to do that they need the knowledge, skills, and 
information to be able to make healthy choices (WHO, 2019b). An ecological perspective 
is a useful model for understanding patterns of behaviors and the range of factors that 
influence well-being and health (Mcleroy et al., 1988). The model makes an implicit 
understanding that health promotion interventions are fundamentally based on beliefs and 
understandings and recognize that myriad factors exist that influence healthy behaviors. 
Helson’s adaptation-level theory suggests that humans naturally adapt to mild-to-
moderate sensory stimulation over time to the point where their awareness of the stimulus 
approaches zero.  
It is therefore very possible that the way a shoe is being worn by aging adults and 
their experience of comfort and balance have been normalized by them, even though 
chronic foot pain and feeling off balance are very common among this population (Menz 
et al., 2013). Securing a person’s foot to their shoe to improve overall function, mobility, 
and body alignment is important to overall health and well-being, which is within the 
scope of nursing practice. A foot can also be measured using a soft tape or a ruler or a 
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pattern drawn out on a piece of paper. For older adults shoe fit is a problem that when not 
done well increases the risk of pain, discomfort, imbalance, wounds and suboptimal gait. 
Many older adults pick a shoe for comfort over optimizing foot function with detrimental 
results. The fit of a shoe to a foot and the protection or lack of protection the shoe has to 
offer have a direct impact on the wearer of the shoe (Hurst et al., 2017; Menant et al., 
2008b; Menz et al., 2013).  
For this study, the shoe was considered to have an direct environmental impact on 
the person wearing the shoe which is in keeping with Lawton and Nahemow’s ecological 
model of adaption and aging theory where they believed that while a person and their 
environment form a unified system that is hard to separate, it is beneficial for heuristic 
purposes to try to measure the environmental influence and the person separately 
(Nahemow & Lawton, 1973). 
Even though shoes and shoe securement have been around for 40,000 years, a 
review of the literature of “shoe lacing” brought up very few research results (14) and 5 
zeroed in on pressures within the shoe and experiences of comfort. There were 104 
articles that looked at the impact of shoes on older adults. There were less than 5 articles 
that discussed nursing knowledge with regard to footwear. There were 3,000 articles that 
pertained to the biomechanics of footwear. For an industry that is estimated to be worth 
about USD 214 billion there appears to be very little research about shoes and shoe fit.   
While it is not known what type of lacing participants will have coming into this 
study, from field experiences it is thought that the crisscross lacing will predominate. 
This will allow for comparison of the two strongest lacing patterns – crisscross and shoe 
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shop lacing to be compared for comfort as well as their effects on toe pressures for a 
population that struggles to find shoes that fit and will greatly benefit from low cost 
interventions that enhance foot stability and reduce the adverse effects of wearing shoes 




This was a repeated-measures, quasi-experimental, lab-based study which meant 
that each participant served as their own control. The gold standard for clinical practice 
implementation, where the efficacy of an intervention is being considered, is a large, 
randomized, controlled trial. However, large trials are expensive and while the treatment 
may be efficacious, oftentimes the results do not pertain to a particular patient or may 
need to be adapted to meet the particular patient’s needs (Guyatt et al., 1990). Single-case 
research. otherwise known as n-of-1, trials are often used to determine optimum 
treatments for individual patients; one of the great advantages is the clinician’s ability to 
devise an individualized trial with idiosyncratic treatments and outcomes that are suited 
to a real world setting. There are, however, some disadvantages, including the lack of 
power by having a very small n, the inability to compare one study to the next as 
protocols and procedures are idiosyncratic, and the number of measurements that are 
taken over time (https://effectivehealthcare.ahrq.gov/products/n-1-trials/research-2014-
1/). 
N-of-1 studies can be strengthened by repeating the measures. This strategy
allows for estimation of between-and within-period variances which permits statistical 
modeling. The other way to strengthen the study is to have more participants as N-of 1 
cases. In this study there was an attempt to do both. Having participants walk multiple 
steps (approx. 20 feet) allowed for repeated measurements by the F-Scan sensors. The 
second goal was to recruit enough participants that were each an N-of-1, (because of 
individual nuances), who would experience a similar change in the lacing conditions. 
This would allow each N-of-1 study to be combined with a similar N-of-1 study (in the 
case the next participant) which would then allow for a population analysis. This is a 
strategy suggested by the Agency of Healthcare research and Quality that lends validity 
to the data collected, and the results and trends that occurred. This strategy also allowed 
for comparison to other studies that had a similar number of participants. This was an 
important consideration because the ability to compare N-of-1 studies to other studies is 
often cited as one of the challenges of the quasi-experimental model (Percha, Baskerville, 
Johnson, Dudley, & Zimmerman, 2019).  
Participants 
This study recruited 19 active community-dwelling adults (65+) from local-area 
older-adult-exercise classes and other venues such as senior centers See flyer (Appendix 
A Figure A1). Participants consisted of both men and women aged 65 and older who 
wore lace-up shoes with four eyelets or more. Recruiting was done in two ways: (a) with 
prior permission from senior center directors, flyers requesting participants posted at 
establishments where senior-exercise classes are held. These include the Northampton 
and Amherst Senior Centers; and (b) through word-of-mouth referrals from people who 
wanted to help the researcher.  
Inclusion Criteria 
For participants to be included in the study, they needed to be age 65 or older at 
the time of the study, enrolled in Medicare and who considered themselves to be active. 
Active adults (65+) were being chosen for this study because, from the review of the 
literature 
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and also the field experience of the researcher, this is a population that is heavily 
impacted by the detrimental effects of mobility that becomes limited that can be caused 
by poor shoe fit and thus would be likely to benefit from a shoe-lacing interventions that 
improves overall comfort and balance.  
In order to participate, the participants needed to own and be willing to wear 
shoes for the study that have eight eyelets (four each side) or more since the lacing 
intervention is based on the ability to change the lacing of a shoe by pulling the laces in 
different directions to change (distort) the shape of the shoe. While changes in lacing can 
occur in shoes with only four eyelets, in the field, the lacing pattern under investigation 
has a greater impact on shoes with eight or more eyelets. Participants had to be able to 
stand without assistance and be able to freely and easily sit, stand, and ambulate 20 paces 
three times, as these were the activity requirements of the study.  
Participants were asked to visit a controlled laboratory space set up for gait 
studies, on a large rurally located land-grant campus located in the northeast region of the 
United States on the assigned date and time. Even though the actual study was estimated 
to take 1 hour or less, participants were asked to be available for 1.5 hours in order to 
custom fit their inserts, fit and calibrate the technology. In order to participate, 
participants had to understand and acknowledge the responsibilities and risks associated 
with participating in the study and voluntarily sign consent to participate. They also had 
to be able to read and speak English, as the researcher is monolingual and this study 
required participants to follow verbal and written directions as well as to be able to 




Participants actively engaged in physical or occupational therapy, using a cane or 
a walker or other assistive device or taking medications that affected gait and balance 
were excluded from this study. It is thought that these criteria directly influenced a 
participant’s posture, balance, and gait and detracted from the natural experience of 
walking in self-selected shoes and shoe-lacing with the special inserts. In addition, 
participants who had been seen by any nurse who has worked or worked for the 
organization “FootCare by Nurses” were excluded from the study, as these nurses 
regularly perform lacing adjustments in the field in an attempt to improve shoe fit and 
comfort and balance.   
Setting 
This study took place in the Gait Lab at Totman Gym on the UMass Amherst 
Campus, as that is where the F-Scan equipment, pressure plates, walking ramp, and video 
equipment were located.  





The sensors and software available in the Gait lab to measure any pressure 
exerted by any part of the foot into the shoe were the F-Scan 3000 ® from Tekscan® 
(Boston). The F-Scan 3000 (see Figure 22) is a flexible, pressure-sensitive insert that is 
customized to the shape of a person’s foot or the shape of the inside of a shoe.  
Each insert has 3.9 sencels per cm2, is flexible and 0.15 mm thick, and capable of 
measuring pressure ranges between 345 and 862 KPa. Even when trimmed, the insert has 
over 900 sensing elements that are capable of sensing pressures across the entire foot. In 
combination with the appropriate software, the sensors capture the foot and toe pressures 
of multiple footsteps over a period of time. The sensor wires are routed into an ankle cuff 
that is secured to the participant’s lower leg, and then additional wires are routed to a belt 
worn by participants that transmits the data wirelessly to a receiver hooked to a computer 
using Windows that has the licensed software installed (see Appendix A, Figures A3 and 
A4 for technical specs). While all foot pressure data was recorded, for this study the 
changes in TP were of particular interest. Using the manufacturer’s trimming 
Figure 22 The F-Scan 3000 
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instructions, a brand new F-Scan (see Figures 23 and 24) insert was carefully adapted to 
fit the entire shoe plantar surface of each shoe (two per participant). The same insert was 
worn by the participant for each change in condition. A walking calibration of the system 
occurred before the study began.  
Video Recording of Walking 
Video equipment, connected to tracker software, that was already available in the 
Gait Lab, was set up to record each person while walking. The video was set to capture a 
one inch diameter reflector connected to a headpiece that the participant wore. Recording 
by both the F-Scan software and the video equipment started when the researcher gave 
the go ahead to begin. Recording of the F-Scan data and the video were stopped when the 
participant sat back down in the start chair.  
Recording Equipment 
A small audio-recording device was attached to the headpiece that the participant 
Figure 24 F-Scan insert fitted 
to participant 
Figure 23 F-Scan insert 
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wore, and another small audio recorder was attached to the participants collar. Both of 
them were turned on when the participant was being kitted up for the study and the 
sensors were being calibrated. The intention behind having two recorders was to have a 
backup recording in case one failed. Neither failed. The entirety of the study for each 
participant was recorded including conversations while the conditions were being 
changed. This was done to capture any off-handed remarks that may have been made to 
the researcher about experiences of pain and comfort, while the laces were being 
changed. Transcripts of all recordings were made from the first sit to the last sit in the 
start chair. 
Participant Application and Procedure 
In order to garner enough participants to meet enough power to have a large effect 
that was statistically significant, the goal was to try to recruit thirty-three (33) active 
community-dwelling adults (65+) from the local area that consisted of both men and 
women who were willing, aged 65 and older were willing and able to wear lace-up shoes 
with four eyelets or more for the study. Recruiting was done in two ways: (a) with prior 
permission from the directors, flyers describing the study and requesting participants 
were posted at establishments where senior exercise classes were held. These included 
Northampton and Amherst senior centers. (b) flyers were posted at the Northampton, 
Amherst, Sunderland, and Greenfield libraries. The flyers had a pull-off tab with a phone 
number and an email address. The phone number was a Google number designated only 
to the study, and the email was the researcher’s university email. 
When an application was received, the interested person was called by the 
researcher for prescreening. The potential participant was given a brief description of the 
study and the inclusion and exclusion requirements including the ability to participate. If 
a person was qualified, they were asked if they would still like to participate. If they 
answered Yes, some descriptive information was then collected including self-identified 
age, weight, height, gender, and the shoe type and size that would be worn for the study. 
The participants were then told that they were in the applicant pool and when they could 
expect further instructions.  
 The lab became available in the middle of January, for a week. All potential 
applicants were called. Those who said they could come were assigned a time and date. 
A total of 19 applicants were available. Each applicant was met at Totman Gym at the 
assigned date and time by a research assistant who gave them a packet containing a 
description of the study, a consent form, and a demographics questionnaire.  
Descriptive and Other Data Collection 
The identifying information was removed from the top of the application, and 
each person was assigned a participant number. Additional information collected on the 
initial application included gender, education level, income level, age, stated weight, 
stated height, shoe brand, shoe type, and labeled shoe size. This data was tabulated (see 
Appendix D, Table D1). During the study, additional data was collected including toe-
pressure measurements, video of the person walking from a sagittal perspective, 
recording of the person’s experiences of comfort during the intervention, and assessment 
of pain level using the McGill Pain Scale, and assessment of comfort using a mechanical 
VAS. On initial setup, and to prepare the insert, the participant’s foot pattern was traced 
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onto a piece of paper, and feet were photographed to identify foot type. While a 
Brannock foot-measuring device is the standard foot-measuring tool, from our field 
experience, a tracing of the foot on a piece of paper, which is then cut out, serves not only 
as an easily accessed dependable portable system to garner the full flat pattern of the 
person’s foot but also as an educational tool to help the patient understand how, for 
optimal fit, the pattern of the shoe should match the pattern of their foot. For this study, 
however, there was not an educational component. 
Design 
This quasi-experimental, repeat-measures study required participants to walk 20 
paces (10 down and 10 back) and then sit in a chair without assistance. The chair was 
there for the participant to sit in while the lacing on their shoes was adjusted and 
changed. The participant needed to walk 20 paces in each shoe condition (for a total of 60 
paces). To mark the distance, another chair was placed 10 paces away from the start 
chair, and participants were instructed to walk up to it and back. The sit position in the 
“start chair” enabled the researcher to sit on the floor and re-lace the participant’s shoes.  
Donovan and Patrick (2018) used 30 seconds of walking at a self-selected pace 
(approximately 40 paces) to test the reliability of the F-Scan system, and Fiedler et al. 
(2011) used 10 meters (the approximate equivalent of 10 paces) to measure the effect of a 
lacing pattern. Coda and Santos (2015) used 7 meters to test the reliability of the F-Scan 
inserts with children. Given that this study measured toe pressures and asked participants 
to describe their experiences, 20 paces was deemed to be enough of a distance for a 
person to have an experience in their shoes and to determine comfort and also be able to 
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express their feelings and thoughts about shoe comfort and any other experiences they 
were having. This distance is also what the researcher had been using in the field to 
ascertain comfort and fit post-adjusting a patient’s shoes. When fitting shoes in a shoe 
store, it is recommended that you walk around in the shoe, and 20 paces is about the 
space that people have in their apartments, but there are no hard-and-fast rules about 
paces.   
All the participants chosen lacing pattern happened to be a crisscross pattern, 
which is a very similar lacing to Hagen and Hennig’s (2009) LOOSE 6 and TIGHT 6 
pattern. There were three conditions in total. After calibration and fitting, the first 
condition was considered the Control), which was the participant’s chosen lacing pattern 
the way they liked it. The second was Intervention #1 was an unlacing and repositioning 
of the heel into the back of the shoe and the researcher tightening the laces using the 
participant’s chosen lacing pattern. Because participants came with crisscross lacing, this 
was similar to Hagen and Hennigs (2009) TIGHT 6 pattern. The third condition 
Intervention #2 was the researcher changing the lacing pattern to the shoe-shop lacing 
design (sometimes called straight lacing) and making sure the participant’s heel was in 
the back of the shoe.  
Quantitative Data Collection 
Dependent Variable 1 was toe pressure (TP), which was measured with the F-
Scan inserts that have sensors appropriately sized to the participant’s shoe. Sensor 
information was transmitted via Bluetooth to the laptop containing the software that 
recorded and interpreted the sensor data. Dependent Variable 2 was comfort, which was 
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measured using a mechanical 100mm VAS scale and analysis of a recording of the 
participant’s experience. Dependent Variable 3 was a pain-assessment tool that included 
a body diagram (the McGill scale) and analysis of a recording of the participant’s 
experience.Dependent Variable 4 was supposed to have been the observation of posture 
changes that might have occurred during walking.  
Other Measurements 
Space between the person’s heel and back of their shoe was assessed using a 
finger that was then measured in mm with a ruler.   
Foot shape was traced onto a piece of paper. 
Photographs of a person’s foot, shoe, insert, and lacing were taken. 
Qualitative Data Collection 
Participants wore a microphone, both on the headpiece and on their collar, by 
which their spoken experiences of each condition were recorded, throughout the whole 
study.  
Why This Was a Mixed-Method Study 
Given that the participants were expected to experience both physical and 
emotional changes as a result of the intervention, a quasi-experimental, mixed-methods 
approach that employed both a quantitative and qualitative component was an appropriate 
design for this study. The use of both methods, in tandem, offset many of the weaknesses 
of each method, such as the inability to capture personal experience when using only a 
quantitative method or the inability to capture numerical data when using only a 
qualitative method (Creswell & Plano Clark, 2018). The composite of the two methods 
therefore allowed for the capture of information from both the personal experience 
(qualitative: words) and the change in the environment (quantitative: numbers) that was 
anticipated to occur with each walk. The qualitative aspect (voice-recording) allowed for 
the voice and the experience of the participant to be heard, while the quantitative aspect, 
(the measurement of TP) allowed for the anticipated physical changes to be measured 
numerically. 
Instruments 
For each participant the F-Scan sensors recorded all pressures within the shoe. 
Pressures were at their greatest when full weight was put on the foot, pressure was at its 
minimum when the foot was suspended in the air. All pressures mask maps were looked 
at. Pressures for each participant were grouped into areas of interest, each toe, the 
forefoot and the heel. This was done using the F-Scan software that allowed the 
researcher to see distinct areas reflective of foot morphology that could be captured using 
the F-Scan software capture tool. These areas of interest are the masks.  
Pressure data was collected in .02-second increments. All of the pressure data that 
came from every part of the foot that rested inside each mask was separated out. 
Depending on where in the stride pressures were being measured, there could be very few 
pressure areas with minimal values (e.g., 190 sensors with the heel at 0.2Kg/cm2 and 
forefoot at 0.09 Kg/cm2 or 12167 sensors with data being collected from every mask). 
The number of .02-second captures, hereafter referred to as frames, depended on the time 
that each participant walked.  
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The peak pressure data for each participant for each walk, foot and mask was 
exported from the F-Scan software into a spreadsheet where it was sorted and analyzed. 
Each participant had their own work sheet. In the spreadsheet the data was organized by 
the peak pressure masks of the Hallux, 2nd toe, 3rd toe, 4th toe, forefoot and heel.  Once 
this was done, then the average and maximum pressures for all the frames for each mask 
were calculated using the AVERAGE and MAX tools found in Excel. There were no 
empty cells. Peak pressures in each frame varied from “0” to the peak pressure 
recorded.  The AVERAGE function summed the peak pressure from each frame for each 
mask and then divided the total by the number of frames and returned the average value 
for all of the frames. The MAX returned the largest value in the list of arguments which 
represented the highest pressure found in that specific mask for all the frames collected. 
Once these were obtained then the frequency occurrence of the peak pressures 75% to 
Max and then the occurrence of the peak pressures 50% to 75% were calculated.  
The pressures that occur 50%-75% were of the greatest interest for this research 
because they represent the pressures that occur most often during the course of 
ambulation and are probably much more likely to be the mechanism for injury than one 
off-peak maximum pressures. Those pressures are better represented by looking at the 
average pressures rather than the Max pressures, but both are reported. (see example of 
work sheet for average and maximum pressures and frequency of occurrences for one 
foot for one participant in Appendix D. 
This thinking is in line with the research of others who have found that pressure 
on different parts of the foot can have detrimental impact (Menz & Morris, 2006) such as 
74 
creating calluses and wounds, and pressures may also be indicative of improper 
foot placement. Different health conditions impact the overall integrity and resilience that 
skin has to pressure, and improper foot placement has been shown to increase the risk of 
falls, foot injury, and other health problems (Menant et al., 2008b).  
In the literature, peak pressures are routinely reported to illustrate the distribution 
of pressures beneath the human foot (Menz, personal communication, 3/17/2020). Dr 
Menz is a practicing podiatrist and distinguished professor at La Trobe University in 
Melbourne, Australia. His area of research is in human movement with a particular 
emphasis on musculoskeletal foot problems in older people, including the impact of foot 
problems as the relate to falls. A global speaker and well published author, his knowledge 
about the research being conducted around foot function and older adults is extensive. At 
his suggestion peak and average pressures are reported in this study in Kg/Cm2. 
When a sensor embedded in the insert picks up a pressure, it is at the pixel level. 
Pixels are small and are not reflective of the whole area of interest, for example the tip of 
the toe. The pressures from the tip of the toe, or the forefoot or heel are made up of many 
pixels. When these pixels are grouped together it is called a mask. Most often in the 
research studies, the toes are grouped together into masked-out areas that contain the 
hallux, toes 2–5, metatarsals, and the calcaneus area. This is in part because it is thought 
that toes 2,3, and 4 operate together because they share muscles and tendons (Menz, 
personal communication, 3/17/2020), and also because forefoot and heel pressures were 
the primary focus of the studies, not the toe pressures, as is the case in this study. This 
study differs because of the observations of toe imprints on shoe inserts and calluses on 
the toe tips of patients who are seen in the field by the researcher in her practice and the 
idea that toe calluses may be prevented by utilizing different securement techniques.  
Mechanical Visual Analog Scale To Measure Comfort 
 A 100 mm continuous comfort VAS was used to measure participants initial 
perceived comfort and then again as each condition was changed. A Mechanical 
Visual Analog Scale (VAS) that participants could slide, which had the corresponding 
millimeter scale, was used for ease of use and interval level accuracy. 100mm VASs are 
often used to measure pain because they are easy to use and are more sensitive to 
differences than an integer or pictorial scale. For this study they were used in the same 
manner to measure comfort. Measuring comfort is clinically meaningful for measuring 
perceptions of comfort of footwear (Lindorfer et al., 2018; Mills et al., 2010). The 
numerical scale is read from left to right and anchored on the 0 mm left side by “not 
comfortable at all” and on the 100 mm right side of the scale by “most comfortable 
imaginable.”  
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Figure 25 Mechanical VAS to measure 
comfort. 
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McGill Pain Scale 
The McGill Pain Questionnaire allows participants to describe their pain as well 
as being able to assign their pain a numerical scale. It is a well validated and reliable 
instrument. See Figure 8 for illustration. 
Video 
Video was used to observe and confirm the physical changes in posture that might 
or might not have occurred, Changes in posture were of interest because of posture’s 
association with impaired mobility. This study was not about ideal posture; rather it was 
about changes in posture.  
See Appendix A Step by Step Procedure 
Analysis 
In this repeated-measures, quasi-experimental study, each participant served as 
their own control. The first condition, which involved placing the inserts into 
participant’s shoes and having the participant lace their own shoes, and then walk, was 
the Control. The second condition, Intervention #1 was heel securement and snugging the 
participant’s lacing. Intervention #2 was heel securement and the researcher changing the 
lacing pattern to the shoe-shop pattern, which was then snugged. Toe pressures and a 
voice recording, along with the McGill Pain scale and an indication on the VAS scale 
were recorded for each walk.  
Quantitative Analysis 
A pressure map of toe pressure (TP) over the time elapsed during the walking 
portion of the study for each participant for each condition was collected. A map and 
recording of the changes in Toe Pressures (TP) are part of the data set that the F-Scan 
software produces. All toe pressures were recorded. Masking occurred in the F-Scan 
software and then that data was exported to an Excel file (See Appendix D2, page 148 for 
an example of toe pressure recording). The data was then arranged into each toe, forefoot, 
and heel and then that data was used to calculate average pressures, maximum pressures, 
and frequencies of occurrences. Once the calculations were done for each foot, for each 
walk, then that data was combined onto a new spreadsheet where the differences between 
the average peak pressures and the maximum peak pressures were calculated. These 
differences were then plotted. These plots can all be seen in Appendix D, Charts 9a and 
9b.  
In order to look at the differences between groups, all average pressures were then 
combined into a new spreadsheet where descriptive statistics, Anova-single factor, t-test-
two samples assuming equal variances, and then effect sizes were calculated. The effect 
size between conditions was calculated as well as the changes in pressures. The 
frequency and percentages of the changes were then grouped into positive and negative 




Initial analysis was done within, not between, participants, as comparison 
between a participant’s experiences of comfort and their toe pressures was not applicable 
or relevant. That being said, the effect of the change in Intervention #2 could be 
measured for each participant and then compared with the effect of other participants.  
Voice recordings, from being seated in the “start” chair until the final filling out 
of the McGill and VAS, were transcribed, and then comments that pertained to 
“comfort,” “pain,” and experiences of walking in the shoe both in the shoe and overall 
were isolated and placed in an Excel spreadsheet. Each transcript lasted less than 2 
minutes and was around 1,000 words in total but included the conversation and 
instructions being given by the researcher, which were removed. The words of the 
participant were isolated and tabulated to each walk and put into an Excel spreadsheet 
according to participant and to intervention. This method allowed for the emergence of 
certain themes, which then allowed for grouping and the emergence of participants’ 
experiences overall. See Appendix C – (Example of transcript).  
Comfort 
The comfort of each participant was measured both on the VAS and through the 
sharing of their experiences walking with each condition. The VAS data is a quantitative 
measurement of a participant’s comfort levels in each condition. Each condition was be 
compared to the previous condition. Using the VAS allowed for the magnitude of change 
across each condition to be translated into effect. The effect of the change in conditions 
could then be compared to the effect of other participants. Comfort was also voiced and 
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appeared in the transcripts. Since there was no comparing one person’s comfort level to 
another’s, comfort was therefore analyzed as a personal experience with a quantitative 
factor.  
Posture 
Changes in posture were recorded by video as the participant walked 20 paces. It 
was anticipated that posture would change because participants would adjust their 
balance as they walked. It was thought that posture could be compared at specified points 
across each condition. It seemed feasible to compare a participant’s posture in each 
condition to a plumb line drawn on a video frame from their auditory malleolus step 
every 4th step and then each frame in each condition would be compared and measured, 
and that measurement would be recorded to determine if there is a change. This is what 
tracker software would have allowed for. Unfortunately, the resolution of the video was 
not good enough to measure any small changes that may or may not have occurred. 
Strengths of the Study Design 
This study was fueled by observations of nurses operating in the field doing foot 
care, who are trying to enhance mobility and quality of life for older people desiring to 
remain in their communities. The nurses in the field observed that many patients wore 
laced-up shoes, poorly. Lacing is a method of securing a shoe to a foot, and many shoes 
were observed to be not well secured to patients’ feet. For many older adults who these 
nurses take care of, cost and access to supplies and care is limited, so an inexpensive 
intervention that could easily be applied to any pair of shoes was being sought. Laces that 
run through eyelets are found on many shoes. The strength of this information as it 
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applies to this study is that the study can directly inform clinical practice. 
Given that the participants were expected to experience both physical and 
emotional changes as a result of the intervention, the quasi-experimental, mixed-methods 
approach that employed both quantitative and qualitative components was an appropriate 
design for this study. This is because the use of both methods, in tandem, offset many of 
the weaknesses of each method, such as the inability to capture personal experience when 
using only a quantitative method or the inability to capture numerical data when only 
using a qualitative method (Creswell & Plano Clark, 2018). The composite of the two 
methods therefore allowed for the capture of information from both the personal 
experience (qualitative: words) and the change in the environment (quantitative: 
numbers) that was anticipated to occur with the intervention’s application. The qualitative 
aspect (voice recording) allowed for the voice and the experience of the participant to be 
heard, while the quantitative aspect (the measurement of toe pressures) allowed for 
anticipated physical changes to be measured numerically. 
Limitations 
Only one securement type (shoes with adjustable lacing) was assessed in this 
study, even though there are many types of shoe wear on the market with a multitude of 
securement choices. Additionally, only one change in lacing type—from the participant’s 
choice of lacing to the shoe-shop lacing pattern—was studied. This pattern may not be 
ideal for some foot shapes   
This study was focused on participants 65 and older who are quite healthy. This 
sample was, therefore, not fully reflective of the whole population of people over 65, 
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especially those challenged physically or cognitively. This sample was a convenience 
sample from the local area, which meant the study would not be very diverse. The study 
did not include younger adults or more fragile, and hidden populations (those who are 
more homebound or less social) who, we think, could also benefit from improved gait 
and balance. The study was also quite small. With only 19 participants, it is not a large 
enough sample size for a large, medium, or small effect size to be statistically significant.  




Summary of Findings 
Study Demographics 
Nineteen people, aged 65 to 91 (average age 74.7), five males and 14 females, 
came to the University of Massachusetts, Amherst, Gait Lab to participate. Recruiting 
was done through flyers posted in local area senior centers and through snowball 
sampling from people referring friends after hearing about the study from the researcher. 
If a person was interested, they were prescreened by the principal investigator (PI) by 
telephone to make sure they met the inclusion and exclusion criteria. If they did, they 
were given a time and date to show up at the Gait Lab. A total of twenty-five people were 
interested; one was too young, two had previously received the same foot repositioning 
and relacing intervention from the PI through the PI’s clinical practice and were therefore 
Demograhics 




Married/lives with partner 12
Widowed/lives alone 5
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Table 1 Overall participant 
demographics 
ineligible to participate in this study, and three could not make it to UMass at the 
requested time and day.  
Demographics and participant characteristcs. 
There were nineteen participants in total, five males and 14 females aged 65 to 91 
(av 74.7).  18/19 identified as white, one identified as Hispanic (see table 1). All 
participants identified as active, for some, that meant taking care of the house and joining 
in with a walking group once a week; for others, that meant regularly playing games like 
pickleball. All wore shoes that they deemed comfortable, were in good condition and 
were laced in a crisscross pattern   
While foot pain is thought to occur in one of four adults (Menz, 2016), none of 
the participants stated that they had foot pain or deformities beyond minor bunions, long 
thick nails (but not unkempt), and/or mild callusing. Twelve participants stated that they 
had pain in other parts of their body sometimes, for example in their knees, hips back or 
shoulders. Two participants stated they had pain in their body all the time. One of these 
described it as “a constant ache in the knee” the other as a “pain in the bum.” Fifteen 
participants described their balance as fair to good. One said, “On two feet, fine; on one 
foot, bad.” One said, “Not good.” None of the participants used assistive devices, and 
none were observed to be off balance or in need of assistance to walk.  
Participant Shoes and fit 
For the study, all participants wore shoes of a sneaker/ walking shoe design with 
10 eyelets, or more, that they considered to be “comfortable”.  Some shared that they 
struggled to find shoes to fit. When the foot tracings were matched up to the outline of 
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the sensors, all participants, except P#2 had space in their shoes beyond the hallux. Eight 
participants were wearing shoes sized larger than their stated shoe size. 
For 10 of the 15 who were tested by the one-finger test, a digit could be slid 
between their heel and the back of the shoe. The one finger test is indicative of a person’s 
heel not being secured into the back of the shoe.  While some shoes had wear and tear, all 
were in sound condition. Toe prints were noticeable on many shoe inserts, but not on all 
shoes, especially the new shoes that two participants wore specifically for the study. No 
inserts or shoes had holes in them. 
Study Experiences 
All participants completed all three conditions of the experiment Control, 
Intervention #1, and Intervention #2. Eighteen walked 20 paces (10 up and 10 back). P#1 
walked each condition twice—done deliberately so that the researcher and the assistant 
could make sure all the equipment was working.  
For every participant, each walk took 2 minutes or less.  None of the participants 
experienced any adverse effects of participating in the study, which included securing the 
heel into the back of the shoe, wearing a foot insole with embedded toe pressure sensors 
(F-Scan), wearing a belt with a battery pack, wearing a head piece, changing lacing 
patterns, and going for a short walk.  
Some participants stated that they walked more slowly than they regularly did due 
to the unfamiliarity with the testing environment. Others walked their normal gait. No 
one ran. Discomfort with the equipment was experienced by two participants: one who 
found the belt uncomfortable on their waist, the other who felt a wrinkle in the sensor. 
Both these situations were able to be rectified. Discomfort with the change in lacing was 
experienced by one participant, who could feel the lace running across the top of the foot. 
Collected sensor data  
Toe and foot pressures were measured and recorded for every participant. The F-
Scan sensor insert information for all participants worked well. Inserts that had missing 
cell data during calibration were replaced prior to data collection (n = 5) A shortage of 
new inserts on the date of the study was overcome by cutting down to size two inserts 
that had already been used and were still fully functioning. Data collection was not 
affected.  
Results overall 
There were 19 participants able to complete each walk in the study and give 
complete left and right pressure data for the 3 walks. Each participant had both 
interventions. The least number of frames for a walk was 713, the most was 3,500. 
Pressure data was measured every 0.02 seconds by the F-scan insert sensors both in 
motion and at a standstill. Changes in pressures and voiced experiences occurred for each 
participant for each walk. Some of the changes were large, some of the changes were 
small, some were negative, and some were positive.  
Data was collected from every sensor on the F-scan insert and that data was 
imported into the F-Scan software for analysis. Every 0.02 seconds the F-Scan inserts 
sensed data. These are called frames. During analysis, the pressure data from each frame 
was grouped into masks that represented a collection of pressure points in specific areas 
of the foot, for example data of all the pressures exerted by the 2nd toe. This was done 
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using the F-Scan software masking tool. The pressures from the whole foot were 
separated out to 7 masked areas of interest for each foot - the hallux, 2nd toe, 3rd toe, 4th 
toe, 5th toe, heel and forefoot so that while ach sensor had an individual data recording for 
each walk, the data for each masked area showed the changes that occurred to the areas 
of interest (the hallux, 1-5 toes, heel and forefoot).  For each frame, for each foot data, 
across each of the three walks, both increases and decreases in pressures were seen in 
each of the 7 masks.   
There is nothing in the literature that suggests the functioning mechanics that 









Hagen and Hennig 
(2008) Maximum 
peak pressures 
Fiedler et al 
(2011) Peak 
pressures 




Hallux (Kg/cm2) 4.5 - 5.3 0.6 - 0.9 3.2 - 3.5 2.9 - 3.0 1.67 - 1.76
2nd toe (Kg/cm2) 1.5 - 1.9 0.2 - 0.6
3rd toe (Kg/cm2) 1.6 - 4.5 0.3 - 1.1
4th toe (Kg/cm2) 1.3 - 1.9 0.1 - 0.3
5th toe (Kg/cm2) 2.1 - 2.4 0.2 - 0.5
Forefoot (all metatarsals) (Kg/cm2) 5.3 - 6.3 1.4 - 2.0
Heel (Kg/cm2) 3.0 - 4.5 0.8 - 1.1 2.9 - 3.0 1.49 - 1.52
Note
Hagen and Hennig 
(2008)  separated the 
metatarsal pad into 3 
areas and heel into 2 
areas and did not 
measure other toe 
pressures besides the 
hallux. Their 
measurments were 
reported in kPa 
Fiedler et al 
(2010) grouped 
toes 2-5 together 
and separated the 
metatarsal heads 
into 3 areas. Their 
measurments were 
reported in kPa 
Table 2 Mean maximum and mean average peak pressures by author 
reported in Kg/cm2
87 
therefore, for analysis, both foot pressures were combined to give the descriptive 
statistics for each walk. The mean pressures reported are the sum of all the frames for 
each mask divided by the total number of frames for that walk (a mask being a collection 
of data points for a specific area of interest, for example the 2nd toe). The mean maximum 
pressures are the average of the highest pressures found in each mask, while the mean 
average pressures, are the average of the peak average pressures that occurred. The 
maximum pressures occurred once during each walk while the peak average pressures 
occurred far more frequently. Other authors have reported maximum pressures and or 
average peak pressures see table 2. 
The assumption here is that because the average peak pressures occur far more 
frequently than do maximum peak pressures, that the peak average pressures have a far 
greater impact on skin break down (as evidenced by callusing and wounds) or are 
contributing to other detrimental effects, such as increasing foot and body tension and 
pain, or more frequently potentiate improper foot mechanics that can contribute to falls. 
Thus, while both pressures are reported it is the average peak pressures and the 
experiences of each participant that are focused in on to answer the aims of this study.  
Results by Specific Aim 
Aim #1:  
To evaluate the effect on toe pressures (TP) of moving the placement of the foot 
in the shoe and securement using two different lacing patterns.   
With intervention #1 there were 129/190 (68%) decreases in a toe average peak 
mask pressures and 61/190 (33%) increases in peak average toe mask pressures. With 
Intervention #2 there were 148/190 (78%) decreases in average peak toe mask pressures 
over the Control and 42/190 (22%) decreases. From Intervention #1 to Intervention #2 
there were 133/190 (70%) decreases and 57/190 (30%) increases in the average peak toe 
mask pressures. ANOVA analysis resulted in statistically significant results for the 4th 
left toe with a large effect size (1.1). The effect size (Cohen’s d) on all other toes on the 
left ranged from small to moderate, while on the right a small and moderate effect was 
seen on the 2nd and 3rd toes respectively. For some individuals changes in toe pressures 
were substantial.  Overall changes in heel and forefoot pressures were small. 
Hypothesis #1 
The 1st hypothesis tested the assumption that when the heel was secured and the 
participant’s chosen lacing pattern was snugged (Intervention #1) that the average toe 
pressures would diminish as compared to the average pressures found in the Control  







































Hallux (Kg/cm2) 0.84 0.79 0.73 -0.05 -0.11 -0.06 -6% -13% -7%
2nd toe (Kg/cm2) 0.37 0.28 0.27 -0.09 -0.10 -0.01 -24% -27% -4%
3rd toe (Kg/cm2) 0.44 0.32 0.29 -0.12 -0.15 -0.03 -28% -33% -8%
4th toe (Kg/cm2) 0.28 0.25 0.22 -0.03 -0.06 -0.03 -12% -23% -12%
5th toe (Kg/cm2) 0.33 0.29 0.28 -0.03 -0.05 -0.02 -10% -16% -7%
Total (all toes) (Kg/cm2) 2.26 1.93 1.79 -0.33 -0.47 -0.14 -15% -21% -7%
Heel (Kg/cm2) 1.54 1.61 1.55 0.1 0.0 -0.1 4% 1% -4%
Forefoot (Kg/cm2) 1.26 1.23 1.15 0.0 -0.1 -0.1 -2% -9% -7%
Table 3 Sum of means of average peak pressures for toe, heel and forefoot marks 
87 
decrease from 2.3 Kg/cm2 to 1.9 Kg/cm2 which was a 15% decrease in overall average 
toe pressures from the Control see table 1. A decrease of 10% or more occurred on each 
toe except the hallux which had a 6% decrease in overall pressures. Heel pressures 
increased from 1.5 Kg/cm2 to 1.61 Kg/cm2 (4%), while forefoot pressures decreased 2% 
from 1.26 Kg/cm2 to 1.23 Kg/cm2. 
Individually 129 (68%) experienced a decrease in a toe mask pressure and 61 
(32%) of the participants experienced an increase in toe mask pressure. Of note were the 
29 (15%) increases and 98 (51%) decreases that were a change in pressures of 10% or 
more see table D12 
ANOVA analysis assuming equal variance of the mean average peak pressures 
for each toe on each foot with p=0.05 resulted in statistically significant results between 
the control and intervention#1 (heel secured; laces snugged) for the 4th toes. A t-test 
showed 
statistical significance on the 4th toe (p=0.03) for Intervention #1, (see table 4).  The 
effect size of intervention #1 varied for each toe. A medium sized effect occurred for the 















































Left  Hallux 0.42 0.05 0.38 0.04 0.37 0.04 0.2 0.3 0.1 0.72 0.34 3.17
Left  2nd toe 0.20 0.03 0.15 0.01 0.14 0.01 0.6 0.7 0.2 0.05 3.22 3.17
P(T<=t) two-
tail 0.09 0.05 0.55
Left 3rd toe 0.23 0.05 0.16 0.02 0.15 0.01 0.4 0.5 0.2 0.20 1.64 3.17
Left 4th toe 0.14 0.01 0.11 0.00 0.09 0.00 0.7 1.1 0.4 0.00 5.94 3.17
P(T<=t) two-
tail 0.03 0.00 0.27
Left 5th toe 0.16 0.02 0.13 0.01 0.12 0.01 0.3 0.5 0.1 0.88 1.27 3.17
Left Forefoot 0.76 0.07 0.81 0.08 0.79 0.07 0.2 0.1 0.0 0.88 0.13 3.17
Left Heel 0.61 0.06 0.59 0.04 0.55 0.03 0.1 0.3 0.2 0.58 0.56 3.17
Right  Hallux 0.43 0.04 0.41 0.04 0.36 0.03 0.1 0.4 0.3 0.48 0.74 3.17
Right  2nd toe 0.17 0.03 0.13 0.01 0.13 0.01 0.5 0.5 0.0 0.22 1.56 3.17
Right 3rd toe 0.21 0.05 0.15 0.02 0.14 0.02 0.4 0.4 0.0 0.29 1.25 3.17
Right 4th toe 0.14 0.01 0.14 0.01 0.12 0.01 0.0 0.3 0.0 0.53 0.64 3.17
Right 5th toe 0.17 0.02 0.16 0.02 0.15 0.02 0.1 0.2 0.1 0.84 0.18 3.17
Right Forefoot 0.79 0.09 0.80 0.07 0.76 0.07 0.0 0.1 0.0 0.92 0.08 3.17
Right Heel 0.64 0.05 0.64 0.04 0.60 0.04 0.0 0.2 0.2 0.73 0.32 3.17
Average mean pressures (sum of means) Cohens' d (Effect size) 
ANOVA assuming equal variance for 
average peak pressures
t-test
Table 4 ANOVA, effect size and t-test results for average peak pressures
intervention #1 had a medium effect on the 2nd toe and a small effect on the 3rd toe (see 
table D11) 
Maximum mean pressures results – Intervention #1(heel secured; laces snugged) 
Maximum peak pressures only occurred once during each walk, so while 
reported, it is thought, by this author, that the detrimental impact of an occasional high 
peak pressure on skin integrity is much less than frequent occurrences as seen with the 
average peak pressures.  A 5% increase in maximum pressures from 12.6 Kg/cm2 to 13.2 
Kg/cm2 occurred with intervention #1(heel secured; laces snugged) (see table 6). With 
regard to each toe, the hallux saw an increase in mean maximum pressure with 
intervention#1 from 5.3 Kg/cm2 to 5.4 Kg/cm2 as did the 4th and 5th toes (see table 6). All 
other toes saw a decrease with intervention as compared to control. Heel pressures 
increased from 4.5 Kg/cm2 to 4.7 Kg/cm2 and so did forefoot pressures from 6.4 Kg/cm2 
to 6.6 Kg/cm2 the Control. 
Anova analysis of maximum pressures with p=0.05 resulted in no statistically 
significant results between groups. Individual experiences can be seen in (Appendix D, 








































Hallux (Kg/cm2) 5.3 5.4 5 0.1 -0.3 -0.4 2% -6% -8%
2nd toe (Kg/cm2) 2.4 2.1 1.9 -0.3 -0.5 -0.2 -11% -20% -10%
3rd toe (Kg/cm2) 2.7 2.2 2.1 -0.5 -0.6 -0.1 -20% -23% -5%
4th toe (Kg/cm2) 1.1 1.8 1.7 0.7 0.6 -0.1 63% 54% -6%
5th toe (Kg/cm2) 1.0 1.7 1.6 0.7 0.6 -0.1 62% 52% -6%
Total (all toes) (Kg/cm2) 12.6 13.2 12.3 0.6 -0.3 -0.9 5% -2% -7%
Heel (Kg/cm2) 4.5 4.7 4.5 0.2 0.0 -0.2 3% -1% -4%
Forefoot (Kg/cm2) 6.4 6.6 6.6 0.2 0.2 0.0 3% 3% 0%
Table 5 Maximum peak pressures sum of means and percent change 
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Hypothesis #2 
The 2nd hypothesis tested the assumption that when the heel was secured, and the 
laces were changed to a specific shoe-shop lacing pattern (Intervention #2: Heel 
securement PLUS snugged shoe-shop lacing), average toe pressures (TP) would be less 
than the Control condition.  
Result: There was a 21% decrease overall in average peak toe pressures from 2.26 
Kg/cm2 to 1.79 Kg/cm2 from the Control to Intervention #2 (heel secured plus snugged 
shoe shop lacing).  
Average peak pressures results Intervention #2. 
The sum of means average toe pressures dropped 21% from 2.26 Kg/cm2 to 1.79 
Kg/cm2. Average peak heel pressures increased from 1.54 Kg/cm2 to 1.55 and Forefoot 
pressures decreased from1.26 Kg/cm2 to 1.15 Kg/cm2 see table 3. There were 42/190 
(22%) increases and 148/190 (78%) decreases in average peak toe pressures. ANOVA 
analysis assuming equal variance (p=0.05) of the mean average peak pressures for each 
toe on resulted in statistically significant results. T-test analysis resulted in significant 
changes between the Control and Intervention #2 for the 2nd (p=0.045) and the 4th toes 
(p=0.003) (see table 4). Cohen’s d for the 4th toe on the left was 1.1 which is a large 
effect size. A medium effect was seen on the hallux, 2nd, 3rd and 5th toes. On the right 
foot there was a medium effect on the 2nd toe and a small effect on the hallux, 3rd,4th and 
5th toes (see table 4).   
Maximum mean pressures results Intervention #2. 
The maximum pressures for all toe’s pressures dropped 14% from 14.4 Kg/cm2 to 
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12.4 Kg/cm2. The forefoot pressures increased, and the heel pressures decreased see table 
1. Individuals experiences differed. Anova analysis with subsequent t-tests revealed no
statistical significance (p=0.05) in the difference of means of maximum pressures with 
Intervention #2.  
Hypothesis #3 
The 3rd hypothesis tested the assumption that when the heel is secured and the 
laces are changed to a shoe-shop lacing and then snugged (Intervention #2), average toe 
pressures (TP) would be less than heel securement and participant’s chosen lacing pattern 
snugged (Intervention #1). The results for the group combined toe pressures, were an 
overall decrease in toe pressures from intervention#1 to Intervention#2 in both the 
average and maximum mean toe pressures  
Average mean pressures results -Intervention #1 to Intervention #2. 
The average mean toe pressures decreased from 1.9 Kg/cm2 to 1.8 Kg/cm2. The 
average forefoot pressures stayed the same at 1.6 Kg/cm2 average and the average heel 
pressures decreased from 1.2 kg/cm2 to 1.1 Kg/cm2. Individual experiences sometimes 
differed.  T-test analysis with p=0.05 revealed no statistical significance in the results 
(see table 4). There were 57/ 190 increases in toe pressures and 133/ 190 decreases. 
86/190 (45%) of the decreases and 27/190 increases (14%) were changes in pressures of 
10% or more. A small effect was size seen on the 2nd, 3rd and 4th toes (see table 4).  
Maximum mean pressures results -Intervention #1 to Intervention #2. 
Maximum toe pressures decreased from 13.1 Kg/cm2 to 12.4 Kg/cm2. The 
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forefoot maximum pressures stayed the same at 6.6 Kg/cm2. The maximum mean 
pressures on the heel decreased from 4.7 Kg/cm2 to 4.5 Kg/cm2. ANOVA analysis 
with p=0.05 revealed no statistically significance result see table 1, 3 and 4  
Results for Specific Aims #2 and Aim #3 
Aim #2. To evaluate the effect on comfort of moving the placement of the foot in 
the shoe and securement using two different lacing patterns.   
It was thought that when compared to the Control condition, securement of the 
heel with laces snugged (Intervention #1) and then the relacing of the shoe to the shoe 
shop configuration (Intervention #2) would result in reduced foot pain and overall pain. 
Aim #3. To evaluate the effect on body pain of moving the placement of the foot 
in the shoe and securement using two different lacing patterns.   
It was thought that Comfort as captured by spontaneous utterances as well as by 
the VAS and McGill pain scales would increase when compared to the Control condition, 
securement of the heel with laces snugged (Intervention #1) and then the relacing of the 
shoe to the shoe shop configuration (Intervention #2). 
Results Pertaining to Aims 2 and 3 
Participants experiences of each walk were recorded along with their response to 
the McGill pain score and score on the mechanical Visual Analog scale.  The recordings 
were transcribed. There were no adverse effects of the study voiced by any participants. 
A pattern of the utterances was detected and three main clusterings emerged from the 
transcripts, “Feelings and opinions,” “Experience of the shoe,” and “Body aches and 
pains”. These clusterings were analyzed in conjunction with the McGill and mechanical 
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Visual Analog Scale scores. 
During data analysis, the descriptors that participants used, in many instances, 
made it a challenge to separate out pain from comfort/discomfort. This was also true with 
the McGill Scale and the MVAS data as the scales were used to express both pain and 
comfort/ discomfort interchangeably.  The utterances made by participants (“Feelings and 
opinions,” “Experience of the shoe,” and “Body aches and pains”) intertwined the 
qualitative (utterances and McGill descriptors) and quantitative (MVAS and McGill 
numerical scores) data and addressed both Aims 2 and 3. The results of Aims 2 and 3 are 
therefore reported together. For example, the mechanical VAS went from “0 mm” 
indicating comfortable, to “100 mm” indicative of very uncomfortable. On the 
mechanical VAS and the McGill Pain Scale, 7/19 participants indicated that they had no 
pain or discomfort during any the walks. The highest discomfort score was 61mm by a 
person who experienced tightness in the calf during the first walk (Control). The tightness 
was discussed as both discomfort and pain and resolved when seated post walk while the 
lacing was changed to Intervention #1. The issue did not return, and pain nor discomfort 
was indicated on either the MVAS or the McGill scale but was mentioned as an 
utterance. Another participant expressed 40mm on the MVAS initially, related to 
shoulders, head, and right hand. These scores diminished in magnitude and changed for 
each walk along with their utterances MVAS scores and McGill data (see Table C1 in 
Appendix C) 
Intervention #1 Results Feelings and Opinions 
Eleven participants expressed a more positive experience from the Control to 
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Intervention #1 (heel secured, laces snugged) using words such as “It feels safer,” “Very 
sound,” “I like this better,” and “Feels good.” For six participants, the feelings stayed the 
same; e.g., “fine” for the Control and then “fine” for Intervention #1. see Table C1 in 
Appendix C) 
Intervention #2 results - Feelings and Opinions 
For Intervention #2, (heel secured and shoe-shop lacing), nine participants made 
comments that were more positive than Intervention #1 (heel secured). For example, 
“Feels fine” went to “Good.” “Good” went to “Excellent,” and “Feel sore” went to “Yes, 
it feels OK.” For six participants, there was a positive change that improved with each 
intervention, from the Control to Intervention #1 (heel secured) and then from 
Intervention #1 to Intervention #2 (heel secured and shoe-shop lacing).  
Intervention #1 -Experiences of the Shoe 
With intervention #1 15/19 participants stated there was a change and used words 
like “It feels more secure,” and “They feel tighter.” “Tight/tighter,” “More secure,” and 
“Snug”. Two participants had slight negative experiences. One participant became more 
aware of an object in the shoe, and another felt “Slipping under the arches.” Both 
circumstances were rectified by undoing the lacing and then repositioning the heel and 
then securing the laces see Table C1 in Appendix C) 
Intervention #2 Experiences of the Shoe 
In Intervention #2 (heel secured and shoe-shop lacing), 17/19 participants 
experienced a positive change over the Intervention #1 (heel secured) using words like 
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“excellent’ and “ahh good”.  Of interest was the combination of words like “Nice and 
tight” and “looser,” “More secure,” and “Broader across the ball.” For the two who did 
see Appendix C1) 
Intervention #1 Body Aches and Pains 
Ten participants initially shared experiences of aches and pains in other body 
parts. Two had aches in their knees, two had experiences in their buttocks/hip, and three 
stated they had no pain. From Control to Intervention #1 (heel secured), seven 
participants experienced a positive change, which included a small reduction in their 
mVAS score and comments like  “no pain”, “getting better”, “my toes are wiggling 
around a lot, but I don’t mind it”, “I actually have no pain in my right foot, and the left 
foot feels fine” (see appendix C1).   Two participants had no changes with comments like 
“I don’t have any complaints”, “feels fine” see Appendix C1, and nine made no 
comment.  
Intervention #2 Body Aches and Pains 
From Intervention #1 (heel secured, laces snugged ) to Intervention #2 (heel 
secured and shoe-shop lacing), one participant saw continuum of positive changes across 
interventions stating “I have calf pain” and “Stiff” in the Control and then in Intervention 
#1 stating “No calf pain” and in intervention #2  stated “no burning in my butt”. Two 
participants went from having pains to having no pains from Control to Intervention #2. 
One participant stated that they were wobbly because their “Big toe had arthritis and 
hurt” in the control and now the “Toe does not hurt,” post Intervention #2. 
From Control to Intervention #2, there were four changes worth mentioning. One 
97 
participant’s knee began to ache. For another, there was discomfort across the top of the 
foot that they attributed to the way the lace ran across the top of the foot. One participant 
stated they felt “Flat footed and were not flat footed.” This participant also had a knee 
ache when sitting for each of the conditions, that between Control and Intervention #2 
they called a “3” but for Intervention #1 they stated, “There was no pain.”  
Overall participant experiences 
For most participants, changing the lacing had impact that could be voiced and 
this happened in both in positive and negative ways. For some, it was profound as 
evidenced by a side comment from a participant made on the McGill questionnaire for 
Intervention #2, stating “I like the feel of my shoe” and “Excellent feeling in my feet.” 
For others, there appeared to be no difference in experiences of comfort or pain. Some, 
but not all, participants started off with body aches and pains. For some, the discomfort 
diminished, and for some, it stayed relatively constant and for some, body aches and 
pains shifted. See Appendix D, Table D1.  
Case Based Results that Highlight Combination of Qualitative and Quantitative 
Several cases highlight the experiences that participants had both qualitatively and 
quantitively. A reduction in toe pressures with intervention#1 on the left 4th toe and the 
change was large enough to be both statistically significant overall (p=0.03) and be a 
large effect size (Cohen’s d =1.1). Large changes in pressure of more than a 60% 
reduction occurred for 5 participants. One participant had a significant change in the 
pressures only on the 4th left toe. Initial assessment found a 16mm gap between the 
participants heel and the back of the shoe, and toe imprint markings on the front of the 
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inserts of the shoe. In the Control walk they stated that their shoes were “fine” and denied 
any pain or discomfort. For the Control walk on the left the 4th toe pressure was 0.11 
Kg/cm2. When Intervention #1 happened (heel and laces secured) the left 4th toe pressure 
dropped to 0.05Kg/cm2 and the participant stated “”it feels sound.. umm good.. like 
everything is connected…umm I think I like it.. it feels comfortable”. For Intervention #2 
the 4th toe pressure dropped from 0.04 Kg/cm2 to 0.03 Kg/cm2 and the participants 
comments were “it feels fine… its overall different, it’s amazing… it feels comfortable”. 
For this participant the pressures on the other toes, heel and forefoot with intervention, 

























































Participant who experienced a significant drop in pressure on the 4th 
left toe with intervention
Control average pressures (Kg/cm2)
Intervention 1 heel secured average pressures (Kg/cm2)
Intervention 2 heel secured Shoe shop laces snugged average pressures (Kg/cm2)
Figure 26 Participant who experienced a significant drop in pressure on the 4th 
left toe with intervention 
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In the second case example, with intervention there was a significant drop in pressures on 
the 4th left toe and also large drops on the other toes, heel and forefoot. This can be seen 
in chart 2. On initial assessment the participant the distance from the participant’s heel to 
the heel of the shoe was 11mm. There were trace imprints on the inserts; the shoes were 
fairly new. The average peak pressures in the 4th toe left mask went from 0.19 Kg/cm2 to 
0.09 Kg/cm2 with intervention #1 and then increased with intervention #2 to 0.14 
Kg/cm2. In the Control walk the participant stated, “my toes feel wiggly and free and 
fantastic and “I love that” and then stated “my toes are wiggling around a lot, maybe too 
much, but I don’t mind it”. With the 1st intervention they stated that they were ”feeling 
good” and that they felt a little bit of slipping under the arches and their toes were still 
wiggly”. They did not differentiate feelings of the left foot verses the right foot even 
though there was a sizeable drop in all pressures on the left foot and only a small drop in 
pressures on the right foot. With the 2nd intervention their toes “still felt wiggly” and “I 

























































Participant with large change in pressures for all toes, heel and 
forefoot with intervention 
Control average pressures (Kg/cm2)
Intervention 1 heel secured average pressures (Kg/cm2)
Intervention 2 heel secured Shoe shop laces snugged average pressures (Kg/cm2)
Figure 27 Large change in pressures with intervention 
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intervention there was a large decrease in right hallux pressure (from Control 0.77 
Kg/cm2 to 0.33 Kg/cm2 with Intervention #2 to and forefoot pressure and a slight 
increase in all pressures on the left foot. This participant did not state that they had pain 
in any of the walks. 
Figure 28 Toe Imprints on insert of 
participant who experienced a shift 
in toe pain with Intervention #2 
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The third case example is of a participant that had a significant change in a pain 
experience on the hallux with Intervention #2. During the assessment the participant was 
noted to have a 15mm gap between the heel and the heel of the shoe, and imprints on the 
inserts In the Control walk the participant stated “ I am always sore”, “I feel stiff”… “I 
always feel a little wobbly because I’m trying to deal with the arthritis in my right big 
toe” (see Appendix  Table C1 for all comments). With Intervention #1 the participant 
stated that they “felt a little more stable”… “the back of my shoes feel more stable” and 
noted a 3/10 pain in the right toe on the McGill scale. With intervention #2 the participant 
stated “I like my feet to feel secure…. Yup, it feels, ahhh, somehow looser in some places 
but better in others” and with respect to body pains and aches stated “Umm, I don’t really 






















































Control average pressures (kg/cm2)
Intervention #1 heel secured average pressures (kg/cm2)
Intervention #2 heel secured Shoe shop laces snugged average pressures (kg/cm2)
Figure 29 Average toe pressures for participant who 
experienced disappearance of hallux pain with Intervention #2 
just that it gets used to walking or it could be because of the ways the shoes are tied, I’m 
not sure, but it doesn’t hurt”.  
From the Control walk to Intervention #1 a small increase in all average 
toe peak pressures occurred with the greatest increase happening on the 5th toe. The left 
forefoot pressures increased and the heel pressures decreased by quite a lot (40%) from 
0.99 Kg/cm2 to 0.59 Kg/cm2.  On the right there was drop in the hallux pressure from 
0.55 to 0.41 Kg/cm2 and a small drop on the 4th and 5th toes. The 2nd and third toe 
pressures decreased a small amount, the right forefoot pressure remained about the same 
and there was a decrease in the heel pressure. This can be seen in Chart 3. 
Aim #4 results 
The goal of Aim 4 was to the change in posture that occurs of moving the 
placement of the foot in the shoe and securement using two different lacing patterns.  As 
compared to Control, the participant’s posture it was thought that posture would change 
to be more upright with the securement of the heel and participant laces snugged 
Intervention #1 and then improve even more when the heel was secured to the counter 
AND forefoot lacing pressure was changed Intervention #2. The video camera that was 
connected to software was able to track the 1-inch diameter ball-tracking indictor 
participants wore as an add-on to headgear. While the video was able to record the 
participant walking the first and last eight paces, unfortunately when the video was 
analyzed, the pixel resolution to the indicator on the headpiece and lack of other of other 
clearly definable points was not accurate enough to discern the small changes in height or 
posture that may or may not have occurred during the first and last eight paces that 
102 
participants walked. It therefore remains unknown if posture was affected by each 
intervention. 
Summary 
Nineteen participants, 65-91 (average age 74.7), both male and female, were 
recruited to participate in this study that looked at the effect changing foot position and 
lacing in a shoe had on toe pressures and measures and experiences of comfort and pain 
and experiences for people 65 and older. The study took place over the course of one 
week. There were no adverse effects experienced by any participant during the study. The 
F-Scan equipment and software were able to record the pressures fully for each toe and 
each foot. Masks were created using F-Scan software to capture individual toe pressures 
as well forefoot and heel pressures. While both maximum and average pressures were 
recorded and analyzed, average pressures were of greater interest because they occurred 
more frequently and are assumed to be a greater contributor to the physiological issues 
often seen on the feet of elders; e.g., calluses on toe tips, wounds and a variety of tension-
related issues such as pain and hammertoes.   
As a group, the sum of means results fully supported the hypothesis of Aim #1 
that there would be a decrease in toe pressures when the heel was secured into the back of 
the shoe and the participants laces were snugged Intervention #1 and then relaced and 
snugged Intervention #2. However, on an individual basis, there were both increases and 
decreases and some negligible changes. Some changes were quite large, others were quite 
small. A single factor Anova, and then two sample assuming equal variances t-test, found 
statistical significance (p<0.05) for the left 2nd toe Control to Intervention #2, and the left 
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4th toe and the Control to Intervention #1 and Control to Intervention #2. 
Hypotheses 2 and 3 were related to comfort and pain and combined the patients’ 
experiences with the McGill Pain questionnaire and a mechanical VAS. These results 
were combined because during analysis it was evident that the experiences of comfort 
and pain were indistinguishable both the VAS and McGill scales and the words.  It was 
expected that pain would decrease, and comfort would increase as participants went from 
Control to Intervention #1) and then Intervention #2. While this did happen for some 
participants, it did not happen for all. The highest VAS score was 61mm and described as 
moderate pain in the right calf. This pain went to no pain after the participant sat and 
shoelaces were adjusted to Intervention #1. For some, the pain and discomfort remained 
consistently the same through each condition. One participant was aware of the tightness 
of the lacing pattern across the foot in Intervention #1 and Intervention #2. In the Control, 
that participant described no feeling of lacing. In Intervention #1, the experience was 
labeled as “snug” with a VAS of 20mm; in Intervention #2, lacing was described as snug 
with a VAS of 10.  
Several participants did not mark anything on the VAS or on the McGill. Each 
participant was given the pen and asked to place a mark. It can therefore be assumed that 
the participant was not experiencing any pain or discomfort.  
In Aim 4, it was thought that posture could be measured and would change. The 
video equipment resolution was not fine enough to capture microchanges, and so the 





In nursing homes, as visiting nurses and even in hospitals, nurses play a critical 
role in literally getting people onto their feet. Nurses regularly work closely with physical 
therapists and other practitioners to facilitate walking, especially if someone is 
recuperating from a fall or surgery. Sometimes though, it is simply the act of supporting 
an older adult through challenging transitions such as a move from a bed to a chair, or a 
chair to a bed. Preventing a fall from happening is an integral component of the nurses 
work and a part of that work is making sure that the person the nurse is helping has the 
appropriate footwear (Luk, Chan, & Chan, 2015). Appropriate footwear is typically 
considered to be that which is nonslip, fits well and serves to protect the feet from injury.  
Nurses are teachers and sit at the crossroads of medicine and patients and are 
responsible for helping patients understand the why’s and the how’s of health and 
wellness and also of safe ambulation. Patient understanding is a critical component of 
patient wellness. From co-developing care plans to medication education to discharge 
instructions, nurses support their patients’ ability to participate in identifying and 
addressing their own care needs. Patient education on appropriate footwear and how 
footwear should function is therefore very much within the purview of nursing practice, 
and integral to the implementation of a multifactorial falls and wound prevention plan. 
In the field, nurses can observe the adverse effects of poorly fitting shoes on 
patients’ feet in the form of blisters, calluses, and inefficient, shuffling gaits. Footwear 
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also influences balance and subsequent risks, like tripping, slipping, and falling, that can 
occur when the shoe-foot interface is unstable (Menant, Steele, Menz, Munro, & Lord, 
2008a, 2008b). But the right shoes, the ones that fit well, provide support, and optimize 
safety, are often expensive; for older adults and anyone who struggles to leave their 
home, shopping for shoes that fit their feet, that may have changed since the last time 
they were properly fitted, can be very challenging. In addition, as a practicing footcare 
nurse, I also hear how difficult it is for the older adults we care for to find personnel who 
are knowledgeable about fitting shoes to older feet, especially in local shoe stores.  
As a nurse deeply interested in preventing wounds and falls from happening so 
that people can remain active in their homes, I began looking for the tools available to me 
in a person’s home. Initially, when I saw people with foot issues, I suggested that new 
shoes be purchased. However, I observed some clients would spend a lot of time and 
money on shopping for new shoes and there would still be calluses, discomfort, and poor 
gaits. I then wondered if there was something missing. While doing research, I happened 
upon an article in the journal Nature entitled “Mathematics: What is the best way to tie 
your shoe?” by Burkard Polster (2002). He was looking at seven different lacing styles 
for shoes that had 10 eyelets (5 each side) and calculated that there are 382,838,400 
different ways to run the laces. His question was which is the best among those seven 
lacing styles. The lacing styles he looked at were crisscross (most often seen by us in the 
field and the only shoelace pattern that the 19 participants in the study used), straight 
lacing (which for this study we call shoe-shop lacing because this is the type of lacing 
that was often used in shoe shops in ages past), the five lacings, that have no distinct 
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names,  that maximize the length of lace, Canadian armed forces lacing,  and several 
bowtie lacing patterns. He looked at the strongest, the shortest, and the fastest lacing 
patterns without consideration of the effect of the shoe to the person. I wondered if 
changing the lacing could be used to secure the foot into the shoe and optimize foot 
function so that falls and wounds didn’t happen for shoe-related issues and what foot 
mechanics were occurring inside the shoe (measured by pressure changes) and what the 
experience for the wearer of the shoe might be.  
The results from this nurse-led intervention study support the findings of others 
(Fiedler et al., 2011; Hagen & Hennig, 2008, 2009; Hagen et al., 2010) who found that 
different shoe-lacing conditions have an impact on comfort, heel loading, and foot 
pressures, and also the biomechanics of the foot during activity. This study cannot speak 
to performance, as others did, because performance was not tested.  
The mechanics of what the shoe lacing is doing are something of a mystery. Firm 
foot-to-shoe coupling certainly seems to enhance performance and is thought to reduce 
lower limb injury (Hagen & Hennig, 2009) and is also thought to prevent sliding within 
the shoe (Hagen et al., 2010). We also know that ill-fitting shoes can cause skin 
breakdown (corns, calluses, blisters, pressure points, wounds) and also create pain in feet 
and other body parts like knees, hips, and the back (de Castro, Rebelatto, & Aurichio, 
2016).   
 The innovation of this research lies in the use of toe pressure sensors to 
empirically evaluate impacts of a novel use of an already existing resource (shoe-laces) 
as a nursing intervention on primary outcomes associated with improved mobility, 
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comfort and injury prevention among community-dwelling older adults. 
Study Design 
This was a quasi-experimental, repeat-measure, mixed-methods study conducted 
in a controlled lab setting. The design of this study was similar to that of other studies 
(Fiedler et al., 2011; Hagen & Hennig, 2008, 2009; Hagen et al., 2010) that have looked 
at the impact lacing has on shoe fit and foot pressures. However, rather than just 
collecting quantifiable data, with scales and pressure sensing devices, qualitative data 
regarding participants’ experiences of ambulation and comfort were gathered as each of 
the changing in lacing patterns (conditions) were implemented.  
The rationale justifying this study design was that comfort can be experienced in 
many different ways, but clarifying the nature of that sensation in the context of a shoe-
lacing intervention was a challenge. For example, P#7, who stated “Feels okay. Feels 
good” and “Yes, feels very comfortable” put a “0” on the VAS scale numerically 
capturing changes in comfort. Similarly, P#5 put a “0” on the VAS scale for all 
conditions indicating comfortable, but for Intervention #1 used descriptors “Tight” and 
“Snug” and in Intervention #2 stated “The new lacing is not as tight as the lacing here I 
am doing now” and “It doesn’t feel as tight as it should,” and “Not as tight as the 
previous,” and “Ahh, feels very comfortable” and “Less tight” and “Seems to wrap 
around the foot better, than the previous #2 lacing or the standard lacing.” The 
observation thus is that the VAS that was supposed to capture comfort, while sensitive to 
a participant’s experiences was not optimized reliably capture the concept of comfort 
within this sample. It does not mean that the data gathered and the changes were not 
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valid, for each participant’s experience but it could not be used to compare one person’s 
experience to another’s.  
In formulating this study, it was hypothesized there would be concordance 
between a participant’s experiences of changes in comfort related to the lacing 
intervention, and the plantar and toe pressures that may have been impacted by changing 
the lacing. While others had a scale to measure perceived comfort, and measured toe 
pressures (Hagen & Hennig, 2008), the attempt to match experience to the toe pressures 
up is unique to this study. An example of this happening in this study was P#5 (Figure 4). 
For P#5 there was little change in toe pressures between conditions, but still there were 
changes (see Appendix C, Tables C2 and C3). These statements and the obvious change 

























































P#5 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)
Intervention #2 heel secured Shoe shop laces snugged average pressures (Kg/cm2)
Figure 30 Average pressures left and right foot 
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result of the lacing being changed and the participant experienced the change as tightness, 
not painful, increased comfort and a better wrap around the foot.  
It is hard to decipher if the “Tight” is reflective to any one toe or to heel or 
forefoot, as the descriptors used were not specific enough. That being said, the participant 
did voice changes in experiences in the shoe, and pressures were noted to change, which 
suggests that this study design did indeed allow for the capture of the experience of 
changing toe and foot pressures in a shoe by changing the lacing. It also suggests that 
there are more questions to ask about how experiences of comfort are matching up to the 
mechanics of the foot in the shoe.  
If choosing to wear a shoe is predominantly based on a certain adequate level of 
perceived comfort, then a “comfortable [enough?]” or “not comfortable [enough?]” 
response would appear to be sufficient. The use of the mechanical VAS was intended to 
quantify comfort more accurately. In retrospect, rather than starting at 0 with being most 
comfortable, it might have made more sense to start with a “0” point in the middle of the 
scale indicative of their comfort level for Control, and then each condition experience 
could have been compared numerically to Control and also to the other condition, 
depending on the distance the indicator was moved. This still would not have captured 
the variety of experiences but would have enabled better numerical comparison. A VAS 
was not used in any other study, nor were the details of the perceived comfort scale used 
described.  
None of the previously reported studies assessing the impacts of lacing 
interventions used the McGill Pain Scale. Nor did they have a way to capture descriptors 
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related to pain or discomfort. Given that these lacing patterns had not been tested before 
on people over 65, nor had the experience of the shoe-shop lacing been tested, it seemed 
wise to choose a scale that would allow for the capture of any experiences related to the 
way the lacings made people feel. The McGill Scale was therefore chosen to enable 
participants to use more detailed word descriptors for example “ache” throb” radiating”  
for their experiences in their shoes and also in their bodies. This was thought to be a more 
detailed approach than the well known 0–10 scales, and fits in with qualitative 
methodologies. Data is only as good as the answers that you get. Some participants were 
quite thorough, while others left the sheets blank. Even though the questionnaire was 
printed in large print to facilitate easier reading for older eyes, there was a lot of 
information on those sheets and a lot of choices to make. This may have been 
overwhelming for some who were just trying to figure out if and how the lacing pattern 
changes were affecting them. The McGill questionnaire may have had another effect and 
prompted people in the choice of the words that they used to describe their experience. 
For some, there was overlap between what was circled and what was stated; e.g., P#4 
both circled and stated “burning,” whereas there was no overlap for others.  
Number of Participants 
This study could be thought of as 19 individual cases, which is a large enough 
number to demonstrate that lacing does have an effect, but not a large enough number to 
have enough power to find a significant result between cases. For a large effect to have 
significance, 33 participants were needed. That being said, the number of participants 
(19) is similar to those of other studies that also looked at lacing. Hagen and Hennig
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(2009) studied the effects of different shoe-lacing patterns on the biomechanics of 
running shoes. They had 20 male participants who identified as runners (mean age 32). 
Their study had four lacing patterns related to the crisscross style that utilized different 
eyelets on seven pairs (14 eyelets) commercially available running shoes. Hagen and 
Hennig (2008) looked at the influence of different shoe-lacing conditions on plantar 
pressure distribution, shock attenuation, and rearfoot motion in runners, also with 20 
participants (no ages given). That 2008 study used nine variations of crisscross lacing 
running through different eyelet configurations.  
Fieldler et al. (2011) had 20 participants age 29–59 (mean age 46.3) and also 
looked at the crisscross pattern but used a lace-lock system instead of a knot. This study 
used tight lacing, loose lacing, and completely loose lacing. Hagen et al., (2011) 
compared a group of high-level runners with a group of low-level runners and three 
different crisscross lacing patterns. They had 21 runners in the high-level group and 20 in 
the low-level group. 
It is interesting to note that all three studies used modifications of the crisscross 
lacing pattern. Burkard Polster (2002), explains that the strongest lacing is crisscross 
lacing followed by what he calls straight lacing (called shoe-shop lacing in this study), 
because of the leverage available to the wearer that happens when you pull the lace 
against each eyelet, rather like a pully system.  
Comfort 
Comfort is the way that people choose to procure their shoes. A Harvard 
Healthbeat article about choosing shoes explains it well: “Trust your own comfort level 
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rather than a shoe's size or description. Sizes vary between manufacturers, and no matter 
how comfortable an advertisement claims those shoes are, you're the real judge” 
(https://www.health.harvard.edu/staying-healthy/10-tips-for-finding-the-right-shoes). 
In keeping with all the articles related to shoe fit and comfort, in this study, for 
some the lacing that was considered too tight was also considered to be uncomfortable. 
Hagen and Hennig (2009) found that tight lacing (TIGHT 6) was the most uncomfortable 
for participants despite TIGHT 6 and ALL 7 being considered to be the most stable. In 
our study people’s experiences of tight lacing was different. For example, in Intervention 
#1, where the lacing was snugged very similarly to Hagen and Hennig’s (2008) TIGHT 6, 
P#18 described the tight lacing as uncomfortable, and P#5 described the lacing as tight on 
top of the arch. However, contrary to the literature, for others the snugged crisscross 
lacing (TIGHT 6) lacing configuration felt more comfortable which was reflected in 
phrases like “It feels like my feet are more enclosed, more comfortable then it was 
before” and “I can feel the laces are snugger.” For others, the snugged shoe-shop lacing 
in Intervention #2 (heel secured, shoe-shop laces snugged) felt good and was reflected 
with phrases like “It feels comfortable, “Feels very comfortable, it’s just, it’s so 
different.”  
This effect may be related to securement of the heel into the back of the shoe by 
the way the laces are laced, rather than lacing pressures putting pressure on the foot. For 
11/15 participants in the initial Control set-up phase, the researcher was easily able to 
slide a finger between the participant’s heel and the heel of the shoe, which is indicative 
of the participant being forward in their shoe. For the remaining four participants, there 
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was no data. Participants may not have been aware of being forward in the shoe, nor the 
mild discomfort that they may have learned to be tolerant of. Some indication of this 
thinking is reflected in Intervention #1 with a comment “Snug, and it could be that I’m 
just accustomed to wearing looser shoes.” Helson’s theory of adaptation states that “An 
individual’s judgement of a stimulus is based on their prior experiences as well as their 
recollection of how they perceived similar stimuli in the past” (Helson, H., 1964). This 
study supports his ideas in that the participant is comparing the new experience to their 
past experience. So, in this study each experience was being measured against the 
previous experience. The Control was their normal life baseline experience, which was a 
normalized comfortable experience until the researcher changed the participant’s lacing 
which changed their experiences. In other words, they didn’t know that their shoes could 
be more comfortable until they experienced the increased comfort.    
Securement of the heel into the back of the shoe is a recommended shoe-fitting 
technique that stabilizes the heel and the foot in the shoe (Hagen et al., 2010; Janisse, 
1992). Footwear that fits correctly optimizes somatosensory feedback that controls 
balance and foot function (Menant et al., 2008). Many women have narrow heels and a 
wide forefoot, which makes finding shoes that fit challenging (clinical experience) and 
securing shoe to the foot a challenge. There is also the reality of older adults struggle 
with bending, seeing, and manipulating shoelaces, which is supported by the researcher’s 
clinical experience, so it came as no surprise that 12 of 19 participants stated that they 
just like to slip their shoes on or that two participants could not secure their own shoes. 
This was not a study about the ability to tie shoelaces, so in order to participate for 
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Control, the researcher tied one person’s lacing under direction, and the participant’s 
daughter tied the other person’s shoelaces. 
In practice, physical limitations such as hip replacements, arthritis, obesity, and 
pain are often the reasons people share as to why they choose the shoes they do and why 
they cannot lace or secure them well. These reasons, and others, might explain why there 
is a high prevalence of incorrectly fitting footwear among older adults. Buldt and Menz 
(2018) found it to be as high as 63%–72%. They also found a strong association with 
discomfort and pain related to incorrectly fitting footwear (Buldt & Menz, 2018; Burns et 
al., 2002). Incorrectly fitting footwear is significantly associated with foot pain, and 
suboptimal foot health; for older adults, it is related to corns and calluses; and for people 
with diabetes, it is related to ulcerations. Footwear that doesn’t fit well is also related to 
falls. (Menant et al., 2008).  




















































P#16 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)
Intervention #2 heel secured Shoe shop laces snugged average pressures 
Figure 31 P#16 Average Pressures 
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One wore boots that were very loosely laced, and then changed into sneakers purchased 
specifically for the study. Of interest here is that during Control walk, that participant 
stated their knees hurt when they sat down and noted on the McGill “Sore” and 
“Troublesome” and a VAS of 10. That participant’s daughter shared with us that that 
participant had knee trouble. During Intervention #1, where the heel was secured and the 
laces snugged, that participant stated “No pain in the knees”, and indicated 0 on the VAS 
and 0 on the McGill. In Intervention #2, which was heel secured and crisscross lacing 
snugged, that participant mentioned that the lacing “Felt better.” After the walk, that 
participant stated that they had an “Ache” and that it was in the foot “Like they were 
walking with a flat foot but didn’t have a flat foot” and rated it a 30 on the VAS. For this 
person, average peak toe pressures decreased from Control to Intervention #1 and then to 
Intervention #2, and also from Intervention #1 to Intervention #2. On the left forefoot, the 
pressures increased from Control to Intervention #1 but dropped for Intervention #2. 
Pressures dropped on the left heel from the Control to Intervention #1 and Intervention 
#2, and on the right there was a decrease in both forefoot and heel. 
Could it be that moving the foot back in the shoe reduced the toe pressures by 
changing them from toe-clawing to toe stabilization, which requires more forefoot 
pressure as the arch becomes more actively engaged, and is this what is being seen by the 
increase in forefoot pressure? Is it then possible that in Intervention #2, the arch was less 
engaged, which was seen by a drop in the forefoot pressure and little change in the toe 
pressure? Since foot pain and discomfort are commonplace in older adults and avoidance 
of pain is a good reason to not wear a shoe, a better understanding of how shoe fit 
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influences foot function, especially in older adults is warranted.  
Hagen and Hennig (2009) found that runners perceived moderately tight-fitting 
shoes as comfortable and, for the runners of their study, this corresponded to WEAK 6, 
and a crisscross skip lacing called EYE 135. The WEAK 6 pattern is most similar to the 
crisscross lacing pattern that all the participants in this study utilized for the first walk, 
Control part of the walk. In this study, the loosest lacing pattern was the first as in 
Intervention #1 and Intervention #2 the laces were snugged. Hagen and Hennig (2008) 
found that tight lacing was deemed uncomfortable, but in this current study that did not 
seem to be the case. In Intervention #1, four participants shared that their shoes felt more 
comfortable than the Control. In Intervention #2, 12/19 participants stated that their shoes 
felt more comfortable than the Control. The results found in other studies that tight lacing 
is uncomfortable may be related to the age and activity of participants, which tended to 
be much younger. The average age in this study was 74.3 and these participants were 
walking. In other studies, participants were running and presumably far more athletic.  
(Fiedler et al., 2011; Hagen & Hennig, 2009). The other studies looked particularly at the 
fit of running shoes, and these participants had a variety of laced-up shoes appropriate for 
walking.   
Just because there were drops in pressure, it is hard to say that experiences of 
comfort were directly related to those drops. Nine participants had either slight changes 
or drops in their pressures. Four participants had the same pressures or general increases 
in toe pressures. Of interest here is that the hallux, heel, and the forefoot saw decreases. 
The descriptors used are similar “A little tighter,” and “Secure,” “Tighter,” “More 
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secure,” and “Feels snugger than before.” All four of these participants were women, 
including the eldest.  
For two participants, there was a substantial move back in the shoe for Condition 
Intervention #1, as a thumb could be fit between their heel and the back of the shoe in the 
Control, but not in Intervention #1. While securing the foot into the back of the shoe 
seems to have made a difference to both toe pressures and to experiences of comfort and 
pain, there doesn’t seem to be any relationship between the amount of space there was 
between the back of the shoe and the heel.  
One participant wore their described shoe size that was also the chosen shoe size 
and there was no room in the back of her shoe. That participant also had quite snugged 
laces, there was little change in toe pressures but snugging the laces more caused 
increased overall foot pressure (a squeeze). This squeeze may have happened in a 
mechanically suboptimal point on the foot. From clinical experience, we know that, if the 
squeeze happens at or forward of the metatarsals; the toes push inwards and it is hard to 
wiggle them, but if the squeeze happens behind the metatarsals, the toes wiggle much 
more freely. Could it be that the location of the “squeeze,” which was not tested, plays a 
role in whether a person feels discomfort and that increased toe pressures are indicative 
of that squeeze point?  
In Intervention #2 (heel secured, crisscross lacing) for one participant, the toe 
pressures remained pretty much the same, and the participant suggested that the shoe 
could be tighter. For another, except for the hallux, toe pressures dropped slightly, and 
that person stated, “It feels really good” and “More secure,” and “Like your toes aren’t at 
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the end of your shoes.” For another, pressures dropped on the hallux, and there were 
small changes for the other toes and slight decreases in the forefoot and heel. This 
participant saw no change in comfort but, did say “feels a little looser in my toe part.” For 
one participant, there was a slight decrease in forefoot and heel pressures and an increase 
on the right foot from Intervention #1 on the hallux, 2nd, 3rd, and 5th toe. The participant 
stated “Umm, right before…and it feels looser in the heel….. Umm, snug all around very 
secure, my sneakers are not going to fly off.  The front of my foot feels, ahh, kind of free, 
like it’s not as synched in but, my heel is definitely seated…. Yeah, I’m going to try this 
lacing pattern, I think, on the few laced shoes that I still have.” 
This example, where pressures increased but the participant experienced a 
positive outcome, suggests that changing the shoelace leverage points may influence 
comfort because it influences the pressure of the shoe on the foot, but experiences of 
comfort may not always be directly related to decreasing the toe, forefoot, and heel 
pressures. This is in keeping with the findings of Jordan et al. (2002), who found that 
pressures and perceived comfort depended on where on the foot the pressures were being 
Figure 32 Example of Mask 
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applied. 
Foot and Toe Pressures 
In keeping with other studies that look at foot pressure, masks of the areas of 
interest were created (see Figure 32). Masks making is accomplished by studying the 
foot pressure frames in the F-Scan software and then circling around the area. The intent 
was to capture all of the pressures of interest within that area. The masks are then used to 
analyze the distribution of pressures in that area to see where the pressure patterns of 
areas of interest emerge. All pressures are recorded by the sensors which gives the 
researcher a lot of data. Given that the foot is relatively stable inside the shoe, the masked 
areas remain quite constant. The pressure areas correspond to where the foot applies 
pressure to the sensor and the F-Scan pressures constant enough to garner enough data to 
be able to see where areas of pressure are occurring and the magnitude of that pressure. 
Areas of higher pressure are shown in red. Areas of lower pressure are shown in blue. 
The F-Scan sensors measure force quite accurately and reliably (Sumiya, Suzuki, 
Kasahara, & Ogata, 1998). The accuracy of the measurement of the pressure applied is 
Table 6 Hagen and Hennig and Clayton-Jones mean peak pressure 
Kg/cm2 force comparison (note Hagen and Hennig masked differently) 
certainly within tolerances for this work, as the behaviors of the pressure increases and 
decreases were of more interest than the highs and lows, and it is unknown how much 
pressure is needed for skin to break down, or a callus to appear, but it is known that too 
much pressure on the skin causes injury.  
Thus, behaviors in pressures, in this study, were better understood using average 
peak pressures rather than the minimum and maximum pressures often used in foot 
pressure studies. Minimum and maximums only occurred once during a walk, and it is 
not thought that those are as responsible for creating calluses or ongoing tensions in the 
foot that are related to a person trying to hold their shoe on, to prevent slippage, or using 
their toes for balance. 
Mean maximum peak pressures were a little lower for this study than for Hagen 
and Hennig (2009) but were well within range. Hagen and Hennig masked a little 
differently, taking 3 metatarsal masks, 2 heel masks and only 2 toe masks (hallux and 
toes 2–5), so the only side-by-side similarity of masks was for the hallux. Those 
researchers also took measurements while participants were running, which would 
increase the strike force, which is quite noticeable on their heel masks (Hagen & Hennig, 
2009). You can see, though, in Table 6 (above) that the maximum forces on the hallux, 
metatarsals, and heel remain fairly consistent across lacing patterns in both studies. This 
is because the masks are not aggregate; they are the pressure that occurs over the defined 
area.  
From the Hagen and Hennig study (2009), we can see from heavier striking to the 
heel that the heel pressures go up. It can therefore be assumed that heavy footfall and 
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“striking” will indeed be echoed in the capture of the foot pressures by the F-Scan and 
that the higher pressures seen are reflective of more force being put in these areas. Of 
particular interest for this study is toe pressures.  
Toe Pressures on Insert 
It is hard to say what is the exact amount of toe pressure needed to make a 
permanent indent on an insole, because insoles are made of a large variety of materials. 
Some of those materials, like memory foam, are designed to mold and soften to pressure 
with the intent in design to provide comfort, but not support. Other materials, such as 
leather, have no give. The leather is designed to protect the foot, comfortably. Both 
materials can be used for support. All but two participants had noticeable toe-prints on 
their inserts, or inside their shoes. Some were more noticeable than others. The two 
participants who did not have toe-prints had either brand-new shoes, or brand-new 
orthotics within the week. This suggests that toe pressure imprints happen over longer 
time as the shoe gets worn in.  
Jordan et al (2002) also found that pressures were higher when participants 
experienced “Discomfort in their shoes.” While no participant in our study experienced 
Figure 33 #P19’s visible toe imprints on inserts-note 
forward placement 
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more than mild discomfort in their shoes, the imprints and the F-Scan results suggest that 
the toe pressure ranges that were seen during this study are enough to make toe-prints 
happen. To make a toe print happen, pressure needs to be applied by the toes into the 
front of the shoe. It is important to note that excessive foot motion is not deterministic of 
lower extremity issues, such as pain or joint discomfort; rather, these issues occur when 
joints and other structures of the foot continuously function beyond a normal end range 
(Bolgla & Malone, 2004).  
The complexity of the 26 bones working together in synchronicity with myriad 
muscles and ligaments to support dynamic balance and weight-bearing makes studying 
the foot a science in and unto itself. The windlass mechanism of action takes into 
consideration the winding of the plantar fascia to elevate the longitudinal arch and the 
importance of the fascia connection to the calcaneus and the metatarsals. The plantar 
fascia also connects into the toes to provide plantar-directed forces. These forces are what 
allow the foot to bear higher loads during the push-off phase of gait (Hamel, Donahue, & 
Sharkey, 2001). When toes are missing or not functioning well, a decline in functional 
mobility occurs (Mickle et al., 2011). The hallux has two joints, and toes 2–5 have three 
joints. Toe-prints can be made a couple of different ways: one is to press the toe pad 
down; the other is to press the toe tip down. Toe-tip use is more closely linked with “Toe-
clawing,” which has been associated with efforts to hold shoes on, and foot deformities 
(Fiedler et al., 2011). In the field, we see toe-clawing associated with dropped metatarsals 
and balance issues. It is thought that this may happen because the toes, that are typically 
designed for balance use, become committed to shoe holding on and are therefore not 
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available for balance actions. 
In this study it is hard to tell from the F-Scan pressure data if toe pads were being 
utilized, or toe tips. It was also hard to tell if participants were optimally balanced on 
their feet. Balance is considered to be the point at which the body’s weight requires 
minimal forces to support. It was hoped that changes in posture in coordination with 
patient experiences could have captured this and been reflected in foot pressures. Failure 
to capture posture and no balance measurements prevented this from happening.  
It was thought that Intervention #2 would be more effective at reducing toe 
pressures than the Control and Intervention #1 and in general this hypothesis held true. 
For all participants, for all toes, the mean average pressures for Intervention ##2 were 
less than for Intervention #1 and the Control. This can be seen in Figure 32 (average 
mean pressures for each toe with trend lines). Of interest is that the Cohens d calculation 
showed there were 11 small, five moderate, and one large effect size and that they were 
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Figure 34 Average mean pressures for each toe with 
trend lines. 
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While there were enough drops in the pressures of the toes and on the heel and 
forefoot overall for an effect to manifest, for the left toes in this study, it is thought that 
this was an anomaly rather than a norm, as the experience did not occur on the right foot, 
and there is an assumption that both feet are similar in design and are supposed to work 
together. That being said, given that 4th toe-prints are often seen, the 4th toe pressures are 
of interest. The mechanics of the 4th toe is different from the 2nd and 3rd toes. The hallux 
and the 5th toe can be moved independently while the 2nd, 3rd, and 4th toes wiggle 
together. The 3rd and 4th toes are interconnected muscularly and with tendon action  (they 
are also often webbed together)  move together but unlike the hallux, 2nd, and 3rd toes, 
which connect through the cuneiform bones through the navicular into the talus, the 4th 
toe connects through the 4th cuboid bone into the calcaneus. The cuboid bone supports 
lateral movement and lateral stability. Lateral balance factors have been found to be 
predictors of falls in community-dwelling older adults (Hillard, Martinez, Janssen, 
Edwards, Mille, & Zhang, 2008). This is an important thought that bodes questions about 
lateral stability possibly being related to shoe fit.  
In the field, we see a lot of deep toe-prints on the 4th toe, indicating quite a lot of 
Figure 35 Toe prints in the shoe 
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tension and possibly toe-clawing to hold shoes on (see Figure 30). If the 4th toe connects 
into lateral stability, is it possible that using the 4th toe to hold the shoe on, as evidenced 
by the toe prints, is locking up the cuboid bone and reducing lateral stability and that 
reducing the pressures on the 4th toe may increase lateral stability. If this is true, could a 
simple change help reduce the chance of falls caused by lateral instability, and could this 
be accomplished by just changing the way the laces are tensioned? This question is an 
opportunity for further research.  
Strengths and Limitations 
This study, based on the clinical experiences and observations of nurses 
operating in the field, addresses the triple aim goals set forth by the Institute for 
Healthcare Improvement: 1. Improving the patient experience; in this case comfort and 
reduction in pain, 2. Improving the health of populations; this study is focused on trying 
to prevent wounds and falls from happening that are shoe related. 3. Reducing the per 
capita cost of health care; this study looks at an intervention that could be used to 
improve lateral stability in an effort to thwart an older adult fall. A fall with injury and a 
hospital visit is estimated to cost Medicare about $30,000, so any efforts to prevent a fall 
is a potential savings. Beyond education, this intervention is very low cost. While it 
requires knowledge and understanding, lacing is something that can be taught to most 
people.  For those people who already own a pair of laced shoes, the financial outlay is 
zero. It is thought, by the researcher, that there may be other methods to elicit similar 
results with shoes that do not have laces.  
This study recruited 19 participants in a series of quasi-experimental trials in 
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which each volunteer served as their own control across two experimental conditions. 
While there were not enough participants for the probability of a large effect size to be 
detected, with 19 participants some statistical analysis could be performed that was able 
to illuminate the overall effect to the population of changing lacing patterns. This study 
showed that the average toe pressures in Intervention #2 (heel secured, and crisscross 
lacing snugged) were less that control and Intervention #1 (heel secured and participants 
lacing snugged). There were also enough participants to show that the lacing intervention 
did not reduce everyone’s toe pressures. Additionally, while many participants 
experienced increased comfort, not all participants had that experience. Having a small 
enough number of participants to be able to look at individual experiences is just as 
valuable as having enough participants to see a more generalized population overview. 
Nineteen participants allowed for both views.  
Both physical and emotional changes were able to be measured by recording 
patients’ experiences. It turned out that people’s responses took place over time and many 
steps, or even reflectively while sitting so responses could not be matched up to specific 
time interval toe pressures.  While this made marking the exact time of an experience 
impossible, the audible, transcribable experiences of walking with each condition 
solicited valuable information about comfort and experiences of pain. An example of this 
was P#6 stating at the end of Intervention #2 “I really don’t know whether, why, the, my 
big toe doesn’t hurt as much, umm, it could be the walk just that it gets used to walking 
or it could be because of the way the shoes are tied. I’m not sure. But it doesn’t hurt”. 





effect on foot biomechanics, it is quite possible that a change in foot loading also effected 
knee loading. Another example was P#16 who went from having knee pain to not having 
knee pain Control to Intervention #1 and P#1 went from having no pain in her knees to 
having pain in her knees. Schwachmeyer, Kutzner, Bornschein et al (2015) found that 
lateral foot loading caused a pronounced increase of medial contact forces in the knee and 
that medial loading lead to a reduction (18% average) in medial knee loading. While 
more research is needed, if knee loading, and experiences of pain can be altered with 
shoe securement, this would be a valuable tool in the clinician’s tool kit. 
Given that the participants were expected to experience both physical and 
emotional changes as a result of the intervention, it appears that the use of both 
qualitative and quantitatively measures in tandem, offset many of the weaknesses of each 
method, such as the inability to capture personal experience when using only a 
quantitative method or the inability to capture numerical data when only using a 
qualitative method (Creswell & Plano Clark, 2018). The composite of the two methods 
therefore allowed for the capture of information from both the personal experience 
(qualitative: words) and the change in the environment (quantitative: numbers) that 
occurred with the intervention’s application. The qualitative aspect (voice recording) 
allowed for the voice and the experience of the participant to be heard, while the 
quantitative aspect (the measurement of TP) allowed for the anticipated physical changes 
to be measured numerically. While not perfect, this study was rich with data.  
Limitations  
In the field, many participants wear shoes with Velcro attachments or backless 
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shoes that are just slipped on. Only one securement type, - lacing was assessed in this 
study, even though there are many types of shoe wear on the market.  
All participants arrived with a crisscross lacing pattern, despite there being 43200 
real world lacing patterns available for a pair of 12 eyelet shoes (Polster, 2002).   While 
there were different initial degrees of snugness to lacing in the Control phase, this meant 
that impact of heel securement and only one change in lacing type—to the shoe-shop 
lacing pattern was being studied. This pattern may not be ideal for some foot shapes but 
foot shape and shoe fit were not the main focus of this study, despite some of that data 
being collected.   
For the 2nd and 4th toe on the left foot, there was enough of a reduction in toe 
pressures for the effect of changing the lacing to have statistical significance. However, 
this did not happen on the right foot. Since it is surmised that the left and the right foot 
are similar in function, while the finding is of interest, and bodes more precise study, and 
the knowledge may be useful to clinicians, changing shoe lacing does not always have an 
effect on the 4th toe.  
This study was focused on participants 65 and older, who are quite healthy and 
because it was a convenience sample available through local community recruiting. One 
of the constraints of the study was that it needed to be performed where the equipment 
was available—in the Gait Lab, which meant that participants had to be able to come to 
the Gait Lab. This requirement excluded persons confined to their homes or in facilities 
where they are ambulatory but were unable to procure transportation or have knowledge 





be conducted with that population as many of them are at higher risk immobility and 
even falling due to the health issues that prevent them from getting out to the places 
where recruitment is occurring.  
While there were both male and female participants, who lived both rurally and in 
an urban setting, and also had a variety of incomes, the population recruited was 
predominantly White and quite well educated. While this may be a reflection of the 
population around the university, the sample was not particularly diverse in terms of 
ethnicity. Having to come to the university, which is an unfamiliar place; may have 
intimidated many and prevented them from participating. It is suggested that a study of 
this type be conducted where participants are comfortable, for example, senior centers. 
This would have been quite possible since all the equipment needed is portable.  
The video camera did not have a high-enough resolution to capture the small 
posture changes that may or may not have occurred. In addition, only one reflector was 
used. This was a failure in study design. It is thought that a different technique that 
included far more body sensors, a more sensitive camera, and more advanced software, 
would be better able to capture that data. Several of the F-Scan sensors failed during the 
calibration phase and needed to be replaced. The availability of the sensors from the 
company was limited, which made managing the supply of the sensors to match the 
number of participants challenging. A few sensors were used twice, and luckily there 
were no missing data cells. It would have been prudent to order an excess number of 
sensors, but they were not available.  
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Conclusion 
From a nursing perspective, improving a patient’s experience while preventing an 
adverse outcome such as an injury or a fall from happening, while keeping costs 
controlled, is an important goal. These are also the triple aim goals of the Institute for 
Healthcare Improvement 
(http://www.ihi.org/Engage/Initiatives/TripleAim/Pages/default.aspx 
With a focus on the effect of intervening on an everyday item of apparel that most 
older adults already possess, this study has informed three of the specific study aims: 
Aim #1: To evaluate the effect on toe pressures (TP) of moving the placement of the foot 
in the shoe and securement using two different lacing patterns; and Aim #2: To evaluate 
the effect on comfort of moving the placement of the foot in the shoe and securement 
using two different lacing patterns. Aim #3: To evaluate the effect on body pain of 
moving the placement of the foot in the shoe and securement using two different lacing 
patterns. Unfortunately, there was not enough sensitivity between the video camera and 
the sensor on the headpiece to capture small changes in height, indicative of posture, that 
may or may not have happened that would have informed Aim #4: To evaluate the 
change in posture that occurs of moving the placement of the foot in the shoe and 
securement using two different lacing patterns.   
Laces are commonplace on shoes, and most shoes are designed so that the pattern 
can be changed. Nurses (and other caregivers, e.g., PCAs, CNAs, PT assistants) are often 
found securing shoes onto older adult feet. If lateral stability can be improved and toe-tip 
use and other suboptimal shoe fit that creates injurious pressures can be mitigated, or at 
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least reduced, in an inexpensive and effective way, then that would be a win for both 
patients and nursing.  
The idea that we can become accustomed to the comfort of our shoes despite the 
fit not being optimal for foot function can certainly be explained by Helson’s adaptation 
theory. Every participant was able to verbalize an awareness of a change in shoe fit and 
comfort that they had not been aware of before. It is hoped that the participants came 
away from the study with an understanding that by changing their shoelacing they may be 
able to gain more stability and comfort.  
With the stance that the environment is that which surrounds us and that a shoe-
to-foot relationship has an environmental impact on the person, which comes from 
Lawton and Nahemow’s model of environmental press, the interesting thing about this 
model and the findings of this study is that between toe pressure findings and experiences 
Figure 36 P#17 Average peak pressures 
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of comfort and pain, there were demonstrations of person-environment misfit. For 
example, P#17 who in Intervention #2 (heel secured, shoe-shop lacing snugged) stated “I 
feel more pain this way here, maybe because it’s this lace that comes across here (the top 
of the foot).” The top of the foot was not measured in terms of pressure in this study but 
there are some obvious pressure changes from the Control to Intervention #1 (heel 
secured, participant’s laces snugged) and Intervention #2 (heel secured and crisscross 
lacing snugged), which can be seen in Figure 36.  
Shoe holding on, which is where the environment meets the person environment 
has an impact on the person. Toe-clawing forces toe tips downwards. Toe tips and 
metatarsals are typically where callusing, and wounds are seen. This means that any 
reduction in pressures on those areas is welcome. It is well known in the wound-care 
world that offloading helps foot wounds heal, and that can be done with moving the 
pressure points around using orthotics, casts, padding, and different shoe fit, and different 
shoes. Those strategies are often implemented after a problem has occurred. One of the 
goals of this study was to see if changing lacing could be an effective way to prevent an 
issue from happening in the first place—by securing a shoe to a foot more effectively and 
comfortably. In the literature, and from experiences garnered out in the field, comfort, 
and also ease of donning, is the driving force behind why and how a person chooses and 
wears their shoes. Sometimes, these choices are detrimental to foot function, foot health, 
balance, and overall health. Foot pain hampers ambulation and exercise efforts; 
compromised foot function affects balance; suboptimal peripheral pumping affects 
venous and arterial circulation and the lymphatic system. It may also be possible that 
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shoe fit that fits in the comfort zone may be contributing to gait inefficiencies, pain and 
inefficient pumping because people have become normalized to some discomfort, which 
is in keeping with Helson’s theory of adaptation.   
Experiences of comfort appear to be driven by where pressures rest on the foot. 
This study shows that comfort, pain, and foot and toe pressures can be altered 
with shoe fit and with shoe lacing. When the heel was secured into the back of the shoe, 
both the snug crisscross lacing and snug shoe-shop lacing were effective in reducing 
overall toe pressures and changing the experiences of comfort and pain. Of interest was 
the reduction in hallux pain by one participant and the reduction in knee pain by another. 
Could it be that changing lacing changes the way that the foot functions during 
ambulation, and that function affects tension and movement into the rest of the body? 
The magnitude of reduction in pressures in the foot and the toes varied and, for 
























































P#3 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)
Intervention #2 heel secured Shoe shop laces snugged average pressures (Kg/cm2)
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some participants, toe pressures increased. While it was postulated that there would be a 
reduction, increases may be reflective of better positioning in the shoe. For example, one 
participant’s actual shoe size matched their expressed shoe size and their expression of 
comfort from Control) through each condition did not change much nor did toe pressures, 
although they did change slightly (see Figure 37). This participant’s experience is an 
example of expressions of comfort or discomfort not always being correlated with the 
degree of the toe pressure changes.   
It is thought that comfort of the lacing pattern for the participant was possibly 
related to the shape of the foot and where the tension on the lacing caused pressure on the 
foot. It is unknown if the tension was felt forward, at, or aft of the metatarsal flex line in 
the toes or in the midfoot. Comfort was not found in the loosest lacing configuration, 
which was similar to the LOOSE 6 of Hagen and Hennig, rather it was found when lacing 
was snugged in a way that optimized shoe fit and allowed for the toes to be free. Securing 
the heel into the back of the shoe is the suggested method for wearing a shoe, but this 
little-known technique appears to be often overlooked as evidenced by the researcher’s 
ability to place a finger between the participant’s heel and the back of the shoe in the 
Control phase.  
The freedom of the toes, which was expressed with words like “Toes are wiggly, 
they are completely free” (was not necessarily facilitated by the presence of a wide toe 
box, which many participants had; rather, it seems that it happened when the heel was 
secured into the back of the shoe and the laces were snugged. This could be attributed to 
less heel slippage and less need for toe-clawing, which is a commonplace, ill-advised, 
ineffective method for holding shoes on. 
The foot is a unique, dynamic, three-dimensional object, and shoes built on a 
mold (called a last), so shoes are a fixed and manufactured form. This means that shoes  
are rarely manufactured to fit to an individual’s foot, and having a foot fitting to a shoe a 
matter of trial and error. For this group of study participants, with their foot shapes, and 
their chosen shoes (which were predominantly a sneaker type), Intervention #2 (the heel 
secured and snugged with shoe-shop lacing) was a different experience and elicited 
comments like “Snug” and “Loose,” rather than 
“Tight” that Intervention #1 (heel secured and snugged crisscross lacing elicited (6 of 19 
participants. This does not mean that this lacing pattern is perfect for everyone, nor does 
it mean that toe pressures will drop when it is used. What is known is that less pressure 
from the forces caused by the shoe being attached to the foot creates less pressure on 
individual areas of the foot (e.g., toes, and the more the foot is able to function to its 
optimal design and mechanism, the better it is for overall health and wellness. Shoe 
lacing is a method of attaching a shoe to a foot that is well within the purview of nursing.  
It is hoped that, in an attempt to prevent falls and wounds, manufacturing will use this 
knowledge to design shoes that optimize the foot function of older adults and that nurse 
educators will enhance the working knowledge of nurses by putting shoe securement 




PREPARATION FOR STUDY 
F-Scan • Easily modified to go into a participant’s shoe
• Comfortable
• Sensitive sensors over the whole foot
• Multiple data points
• Fast reset of sensors
• Affordable
• Ability to mask data
• User friendly software
• Easy to set up for participant
• Used in the field
• Accuracy within tolerance
• Supplies visual and numeric data
• Good validity and reliability
• Exports to spreadsheets
• See Figure B3 for specs
McGill (Pain 
measurement) 
• Uses descriptors to describe pain /discomfort
experience – see Figure 8
• Good validity and reliability
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• Allows participant to explain pain in both
numbers and words
• Allows participants to put a numerical scale to
experience
• Puts kinesthetic value (sliding/ touching) to
experience
• Good validity and reliability
• See Figure 25
Mechanical Visual Analog 
Scale  (used to numerically 
describe experiences of comfort 
and of pain) 
Audio-recording • Allowed for Verbalization of experience which
could not be sensed by McGill, F-Scan or VAS








Study information and risks 19 O 
Participant signature page 19 0 
F-Scan software gait lab 1 $ department 
chair help 
Laptop with F-Scan license 1 $180 
Sensor inserts for each 
participant 
19 $90 per pair (22 
pairs 10 failed) 
($1980) 
Video camera (to record gait 
and movement) 
1 Supplied by gait 
lab 









Chair 2 Gait lab 
equipment 
Participants’ shoes - 
Copies of McGill Pain Scale, 19 $10 (large 
paper) 
Comfort Visual Analog 
Scale (VAS) (hand made) 
1 $50 
Digital Camera To photograph 
participants feet, shoe 
type, lacing. 
2 $250 
Metal ruler For VAS To measure finger width 
used in 1 finger test  
1 $10 
Black Sharpie To trace pattern of each 1 $1 
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foot onto paper 
Paper To trace pattern of each 
foot 
19 $2 
Assistants One to run the set-
up/welcome table, one to 
run the video and 
recording equipment, and 
one to run the F-Scan 
technology 
Transcribing 






Table A2 Items needed for study 
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Step by Step Procedure 
Recruit participants 
1 months prior to study date: 
• A Google phone number and a specific-to-study email was obtained for
participants to be able to call in and register and for participant correspondence.
• Written permission was obtained from Amherst and Northampton, senior center
directors to recruit participants from the exercise classes that are held on site.
• Recruiting was done through posting of a flyer at those locations where
permission was been obtained. The flyer had phone-number tabs that interested
participants can use to call.
• The researcher talked to friends and clients about the study and many offered to
find people who they thought would like to participate. The majority of
participants (12) were friends of either people who saw the flyer or people who
had heard about the study from someone who knew the researcher.
Applicant Selection 
• Applicant interest was monitored daily by screening and responding to
voicemails. Initial target of 33 applicants.
• Applicants were called back within 48 hours.
• Applicants were asked the following:
1. Are you 65 or older at the time of the study?
2. Are you enrolled in Medicare?
3. Do you consider yourself to be an active elder?
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4. Have you participated in an exercise class in the last 3 months? (This
includes yoga, tai chi, aerobics, stretching, or any other active exercise or
balancing class.)
5. Do you own and are you willing to wear a pair of shoes with four or more
eyelets?
6. Are you able to come to Totman Gym (at the assigned date and time)?
7. Are you actively engaged in physical or occupational therapy?
8. Are you taking medications that affect gait and balance?
9. Have you seen or participated in a program conducted by a nurse from an
organization called “FootCare by Nurses”?
10. Are you able to read and speak English?
11. Are you able to understand and acknowledge the responsibilities and risks
associated with participating in the study and voluntarily sign consent to
participate in the study?
Exclusion Criteria: 
Excluded applicants were those who responded yes to questions 7, 8 or 9. 
All applicants were asked to fill out the consent form at Totman gym.  
When the date was confirmed for Totman gym use, 19 sets of sensors were 
ordered.  
2 Days Prior to Participation: 
The date and time and wearing of shoes with laces was confirmed with the 
participant. 
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Day of the study outside of lab: 
1. Participants signed in and were given the application packet that included a
description of the study, the risks associated with participation and the consent
form.
2. The application packet was then collected with signature and
acknowledgement of voluntary participation.
1st Assessment station—preparation in Lab (preparation and calibration): 
1. The participant sat in a chair with feet flat on the ground next to the research
assistant
2. Photographs of the foot in shoe was taken: side view left, side view right and front
(top)view.
3. The space between back of shoe and back of foot (heel) using one-finger test
(note which finger) was assessed.
4. The participant’s shoes were removed by the researcher.
5. Photographs of the participants feet and inserts were taken.
6. The foot pattern of both feet were traced onto paper and finger used in one-finger
test was noted on the paper
7. With participant’s feet flat on floor, photographs were taken of feet left side and
right side and front top (view).
8. The F-Scan Insert sensors were trimmed and inserted into shoe.
9. The shoes were put back on participant by the researcher.
10. The participant was asked to re-secure shoe to foot.
145 
11. The participant was asked to stand; the transmitter belt was placed on the
participants waist and the sensors were connected to the belt.
12. All audio recording equipment was turned on.
13. Calibration of the F-Scan software sensors was then performed by asking the
participant to stand on one foot and then the other
14. Once calibration achieved the participant was asked to walk over to the start chair.
Baseline measurement in the “start chair”: 
While participant was seated with inserts freshly placed in shoes. The participant 
was asked to complete a McGill Pain assessment and label the body diagram with the 
corresponding group number and to indicate their comfort level using the mechanical 
100mm VAS perceived comfort scale. 
Control: 
15. In “start chair.” With video and recording rolling, the participant was asked to  get
up from the start chair and walk up and down and return to a seated position in the
chair (20 paces [10 up and 10 back]) while talking about their experience of
walking in their shoes and any experiences of discomfort, pain, or tightness they
are feeling.
16. While participant was seated, the participant was asked to complete the McGill
Pain assessment and label the body diagram with the corresponding group number
and to indicate their comfort level using the mechanical 100mm VAS perceived
comfort scale.
Intervention #1 Participant lacing and securing of heel to counter: 
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17. While participant was seated, the researcher loosened the lacing on the
participant’s shoe and request that the participant “kick their heel into the back of
the shoe”
18. The researcher then snugged the laces on both shoes to secure the foot into the
back of the shoe. The researcher then tied the laces using a square knot. A
photograph of the lacing pattern was taken.
19. While participant was still seated, the participant was asked to complete a McGill
Pain assessment and label the body diagram with the corresponding group number
and to indicate their comfort using the mechanical 100mm VAS perceived
comfort scale.
20. With video and recording rolling, the participant was asked to get up and walk up
and down and return to a seated position in the chair (20 paces [10 up and 10
back) while talking about their experience of walking in their shoes and any
experiences of discomfort, pain or tightness they are feeling.
21. While participant was seated, the participant was asked to complete a McGill Pain
assessment and label the body diagram with the corresponding group number and
to indicate their comfort level using the mechanical 100mm VAS perceived
comfort scale.
Intervention #2 Shoe-shop lacing and securing of heel to counter: 
22. The researcher removed the shoes from the participant and change the lacing
pattern in both shoes so that the lace from the great toe ran to the upper most





eyelets. The participant was asked to “kick their heel into the back of the shoe. 
The researcher then snugged the laces to secure the foot into the shoe and secured 
the laces with a square knot.  
23. While the participant was seated, the participant was asked to complete a McGill 
Pain assessment and label the body diagram with the corresponding group number 
and to indicate their comfort using the mechanical 100mm VAS perceived 
comfort scale.    
24. With video and recording rolling, the participant was asked to get up and walk up 
and down and return to a seated position in the chair (20 paces [10 up and 10 
back]) while talking about their experience of walking in their shoes and any 
experiences of discomfort, pain, or tightness they are feeling.  
25. While participant was seated, the participant was asked to complete a McGill Pain 
assessment and label the body diagram with the corresponding group number and 
to indicate their comfort level using the mechanical 100mm VAS perceived 
comfort scale. 
26. With the completion of all scales and all conditions tested, the recording stopped 
and all equipment, apart from the sensors, were removed from the participant. 
Close of Participant Action: 
27. The participant was asked to step outside and to go to the set-up/welcome area 
and to have a seat in the chair located there. 
28. At the set-up area, the sensors were removed from the shoes, labeled and placed 
within the participant packet.   
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29. The participant was given a thank-you card for their participation with a gratuity
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APPENDIX B 
RECRUITMENT, EQUIPMENT, AND PROTOCOL 
GAIT STUDY
33 Participants Needed
Who is eligible? If you are: Are 65 or older and Consider yourself to 
be an active, community dwelling adult and are able to come to 
Totman Gym at U Mass, Amherst, for the study and walk, 
unassisted, for 60 paces in shoes, that you own, that can be laced, 
have 10 or more eyelets or more Then, you are eligible to be part 
of this study!
What this study is about?
Many older adults are afraid of falling. In this study the investigator 
will be using soft inserts to study toe pressures during a walking 
activity and and adjusting the fit of the shoe. For more information 
please email 
What are the risks? Minimal discomfort may be experienced by the 
wearing of a 3.2 lb harness on the waist, the wearing of inserts, 
the adjustment to the shoe, and walking. 
How long am I needed?  Participation should take less than 



















Figure B1 Recruitment Flyer 
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Figure B3 Tekscan Medical Sensor 3000E specifications 
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Example Transcript of Participant Interview, All Conditions 
Researcher: Come on over. Have a seat. Okay, so again so what I would 
like you to do before you start. So, any aches and pains on the 
McGill, write comments. And then same thing on, so you’re on 
C right now, so slider, I can take this. Alright, so basically on 
the sliding scale give me a … So, you have been calibrated, 
and gotten used to these guys. 
PARTICIPANT: Okay. I think it’s the same. 
Walk 1 Control Participants own lacing pattern, in this case Criss cross lacing, 
as tied by participant, sitting in chair 
RESEARCHER: Okay. Alright, so what I’m going to have you do now is I’m 
gonna have you walk up and back twice, alright? Basically just 
up, back, up, back just give it a description of how it feels to be 
in your shoes, aches, pains, comfort…Ready? 1, 2 go for it. 
Walk normally. Like you’ve gone for a stroll. 
PARTICIPANT: My shoes feel fine. Umm, I don’t feel any particular pain or 
pressures. Umm, I do feel a little self conscious about the 
walking, being asked to do it in a situation. 
RESEARCHER: Turn around and look up. 
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PARTICIPANT: I do feel these shoes could use more padding in the heel. The 
floor feels a little bit hard. No pain though. Still no pain. 
Walk 2 Intervention #1 heel secured in back of shoe and laces snugged and 
tied with a square knot box 
RESEARCHER: Alright, go ahead and have a seat. Alright, and while you’re 
filling that out I’m going to adjust your laces. So, basically in 
the same thing comfort, you can do it on this one alright, so 
comfort on that one, and then your experiences. So, what I’m 
going to do here is I’m just going to literally going to pick your 
foot up and kick your shoe, your heel into the back of your 
shoe and I’m going to tighten your laces. All I’m doing is I’m 
just trying to do is take up the volume of your shoe, so your 




PARTICIPANT: Mmhhm, that’s fine. 
RESEARCHER: So, just tightened up crisscross lacing to increase the volume, 
and I put a reef knot on there. Alright, ready? And you did 
your McGill, and comfort? 
PARTICIPANT: Pardon me? Yes. 





PARTICIPANT: No, it feels a little tighter on top of the instep, but yup, its 
good, secure. 
RESEARCHER: Okay. Okay. Up, and again same descriptors, 
PARTICIPANT: Actually, the left shoe feels a little tighter. Which actually feels 
a little more secure than the right. My right foot is smaller, so 
that’s not surprising. I’m not feeling any pain or discomfort. 
RESEARCHER: Go ahead and get back up. 
PARTICIPANT: Still no pain, discomfort. Nothing in my lower back or hips, 
umm I think I’m probably still a little nervous about the a, the 
whole procedure. 
RESEARCHER: Okay, and I’m going to do the last one. Go ahead and sit. Go 
ahead and fill out your, somewhere on here so were on E. 
PARTICIPANT: Okay. 
Walk 3 Intervention #2 Shoes re-laced to “shoe shop” lacing from great toe to 
outside ankle, all eyelets used. Heel secured to back of shoe, laces snugged. 
Secured with square know bow 
RESEARCHER: So, I’m going to change this to what’s called a shoe shop lace. 
So, the lace is going to come off the big toe, off the big toe and 
to the very outside. Pull it tight a little bit. I’m going to make 
sure that I have tape. All these people whose laces don’t have 
eyelets, which are these little things called? 
PARTICIPANT: Oh, right. I don’t know what they are called. 
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RESEARCHER: Alright. 
PARTICIPANT: And this one has a lot of eyelets. 
RESEARCHER: Yep. Alright, so, kick your heel into the back, and I’m going to 
pull the bottom of the shoe tight, and I’m going to lace it up 
this way. How’s that feel? 
PARTICIPANT: It… 
RESEARCHER: Any difference? 
PARTICIPANT: Umm, yea, the bottom near the toes feels more secure and the 
sides more supportive. 
RESEARCHER: Alright, so pull this up a little bit. How’s that? 
PARTICIPANT: Okay. Okay. That’s fine. 
RESEARCHER: Okay. So, go ahead label that, so it would be F. 
PARTICIPANT: Feels good. 
RESEARCHER: Alright. Same thing. Go ahead. Use your words. 
PARTICIPANT: Well, umm, this feels similar, but a little bit, umm, the shoes 
feel a little more supportive and tighter towards the toe area. 
Or the ball of my foot actually, more accurately. Which feels 
good. Umm, my heels still feel a little loose. Which I hadn’t 
noticed before. Umm, but overall everything is fine. 
RESEARCHER: Go ahead and walk back up. …any aches and pains. 
PARTICIPANT: Actually umm, now I have noticed that my left knee is starting 





middle. The top half on the inside. Umm. 
RESEARCHER: Just walk normally. 
PARTICIPANT: It’s not terribly noticeable but, umm… 
RESEARCHER: Go ahead and walk back. 
PARTICIPANT: But I do feel it. 
RESEARCHER: Go ahead and walk back up with your normal walk. 
PARTICIPANT: The knee is still a little bit achy. Umm. 
RESEARCHER: Alright. Okay. Go ahead and have a seat. Go ahead and give 
me the McGill again. 
PARTICIPANT: Okay. 
RESEARCHER: Just one of these. 
PARTICIPANT: Okay and that has to do with the shoe, right? Shoe comfort? 
RESEARCHER: Just yep, overall, just … is whatever it is. 
PARTICIPANT: Okay, I think that’s a C. 
RESEARCHER: Then the McGill, the other one. Aches, pains. 
PARTICIPANT: Okay. 
RESEARCHER: Whatever you feel like. 
PARTICIPANT: …and what letter would you like on that one? 
RESEARCHER: Isn’t it G? Are we on G? 
PARTICIPANT: Yes. Yea. 
RESEARCHER: Alright, so we missed… 
PARTICIPANT: Well the others were all the same. 
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RESEARCHER: Alright. So put a …next to this. 




Control: Criss cross lacing as 
tied by participant  
My shoes feel fine. Umm, I don’t feel any 
particular pain or pressures 
I do feel these shoes could use more padding in 
the heel. The floor feels a little bit hard. No pain 
though. Still no pain. 
Walk 2 
Intervention #1: heel secured 
into back of shoe and laces 
snugged and tied with a square 
knot bow 
Mmhhm, that’s fine. 
No, it feels a little tighter on top of the instep, 
but yup, its good, secure. 
Actually, the left shoe feels a little tighter. 
Which actually feels a little more secure than 
the right. My right foot is smaller, so that’s not 
surprising. I’m not feeling any pain or 
discomfort. 
Still no pain, discomfort. Nothing in my lower 
back or hips, umm I think I’m probably still a 
little nervous about the a, the whole procedure. 
Walk 3 
Intervention #2: Shoes re-laced 
to “shoe shop” lacing from great 
toe to outside ankle, all eyelets 
used. Heel secured to back of 
Umm, yea, the bottom near the toes feels more 
secure and the sides more supportive. 
Well, umm, this feels similar, but a little bit, 
umm, the shoes feel a little more supportive and 
tighter towards the toe area. Or the ball of my 
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shoe, laces snugged. Secured 
with square knot bow.  
foot actually, more accurately. Which feels 
good. Umm, my heels still feel a little loose. 
Which I hadn’t noticed before. Umm, but 
overall everything is fine. 
Actually umm, now I have noticed that my left 
knee is starting to feel a little umm achy, umm, 
a bit of a achy pain around the middle. The top 
half on the inside. Umm. 
The knee is still a little bit achy. Umm. 
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Participant
1 2 3 4 5












P#1-My shoes feel fine. Umm, I 
don’t feel any particular pain or 
pressures. Umm, I do feel a little 
self-conscious about the 
walking, being asked to do it in 
a situation.
, no pain ('None") P#2-Feet feel 
fine. Good walk. P#2-Just 
normal. Just normal me.
P#3-I don’t have any pains, it 
doesn’t hurt my feet at all. It 
doesn’t hurt my back. 
Comfortable walking. I’m doing 
okay. No problems walking.
P#4-It feels good.P#4-It’s 
alright.P#4-It feels good.
P#5-Oh, … no, no, no, I see. I 
don’t have any pain.













P#3-This feels fine. There’s no 
problem with walking. I don’t 
have any pain. My feet feel fine. 
My back feels fine.
P#4-What, no pain. P#4-Oh, I like the shoes better. What did you do?
P#5-That feels fine. P#5-But it 
doesn’t, no pain. (across the 
arch)












P#1-Feels good.P#1-Umm, yea, 
the bottom near the toes feels 
more secure and the sides more 
supportive.




Excellent, excellent, excellent. 
P#4-Oh, very nice. Thank you. 
Feels good.P#4-Ahh, that feels 
nice and tight. P#4-Feet feel 
perfect. I cant believe what I’ve 
been doing wrong.
P#5-Fine.
EXPERIENCE OF THE SHOE












P#1-I do feel these shoes could 
use more padding in the heel. 
The floor feels a little bit hard. 























P#1-No, it feels a little tighter on 
top of the instep, but yup, its 
good, secure.
 P#1-Actually, the left shoe feels 
a little tighter. Which actually 
feels a little more secure than the 
right. My right foot is smaller, 
so that’s not surprising. I’m not 
feeling any pain or discomfort.
P#2-Its tighter.P#2-More 
secure. I guess is the word.P#2-
The top, like right across the 
top.P#2-More secure. I guess is 
the word.P#2-The top, like right 
across the top.
P#3-It just feels a little tighter 
that’s all, but it doesn’t hurt.
P#5-Ahh, it feels ahh, just a 
little tight. A little tight.P#5-
Okay, lets see. Ahh, so, yea I 
feel no pain. And just a little bit 
of tightness at the top of the 
arch. That’s it. Let me…yea, 
that’s it. I think I’m feeling the a 
insert a little bit more too. But 
it’s not painful.












P#1-Well, umm, this feels 
similar, but a little bit, umm, the 
shoes feel a little more 
supportive and tighter towards 
the toe area. Or the ball of my 
foot actually, more accurately. 
Which feels good. Umm, my 
heels still feel a little loose. 
Which I hadn’t noticed before. 
Umm, but overall everything is 
fine.
P#2-It feels more secure, you 
know across the top and stuff. I 
don’t feel any difference in the 
toes. P#2-Like your toes aren’t 
to the end of your shoes, umm, 
pressing against the front of 
your shoes. But it feels good. It 
feels fine.
P#3-Feels a little different on 
my toes, but. P#3-Feels like it’s 
not quite so tight.P#3-Like 
maybe my toes have a little more 
room. Although my shoes 
weren’t tight before. P#3-Feels 
a little looser in my toe part, but 
it does not give me any pain and 
it does not hurt at all
.P#4-Ahh, that feels nice and 
tight
P#5-Ahh, the new lacing is not 
as tight as the lacing here I am 
doing now. Or doesn’t feel as 
tight, I should say.P#5-And not 
as tight as the previous. P#5-
Okay. Hmm…ahh, feels very 
comfortable. And hmm, less 
tight and seems to wrap around 
the foot better, then the previous 
#2 lacing or the standard lacing.
BODY ACHES AND PAINS 












P#4-Okay, it just, its okay now. 
You know I had been sitting for 
a while, so it was stiff. But now 
it’s not bad. But I have 
tightening you know at the calf. 
P#4-Umm probably, moderate. 
P#4-It still, there was no pain. 
There was no pain.
P#5-I am feeling very 
comfortable and feel no pain. I 
feel the same way, very 
comfortable, and no pain.












P#1-Still no pain, discomfort. 
Nothing in my lower back or 
hips, umm I think I’m probably 
still a little nervous about the a, 
the whole procedure.
P#2-Just walking. Feels fine. 
Needs to be longer, I won’t get 
my 10,000 steps in this way.
P#3-I don’t have any 
complaints.
Researcher-So that tightness 
























P#1-Actually umm, now I have 
noticed that my left knee is 
starting to feel a little umm achy, 
umm, a bit of a achy pain 
around the middle. The top half 
on the inside. Umm. P#1-Its not 
terribly noticeable but, umm
 P#3. My balance seems to be 
alright. I don’t really see a big 
difference.
P#4-Calf feels good, , no 
burning in my butt.
P#5-Right here? Oh well, 
there’s no pain and no pain here. 
P#5-My toes feel fine.
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P#6-Okay. So, I’m always sore.
P#7-And, I feel fine. P#7-
Hmmm…Feels fine.
P#8-Oh yeah. Itchy, here


































good. P#7-It feels very sound. 
Umm, it feels good. Feels like 
everything is kind of connected 
up to everything else. It feels 
good. Right.P#7-It feels 
different. Right. P#7-Umm…I 
think I like it. P#7-It feels 
familiar. 
P#8-Feels fine. P#8-Great. P#8-
Fine. Cozy. P#8-Oh, my foot's 
great.P#8-Seems. Its good, 
more supportive. I should have 
been doing that all along.
P#9-No problem.P#9-No 
problem. Very comfortable. P#9-
[foot} In the back. Yup, its not 
the same as this one. That’s 
what I’m saying. 
P#10-Umm, it feels not safer, 
but makes it feel enclosed. P#10-
Umm, what do I want to 
say…safer is one word, I mean 
I know its not going to go 
anywhere. P#10 So, I think I 
like this one better than my 
original.
















P#6-Ahh, good. P#6-Yea, it 
feels okay.
P#7-It feels fine P#7-Ahh, it’s 
just all over different. It feels 
better. P#7-Feels good. P#7-It’s 
amazing. P#7-It feels great. It 
feels very comfortable. And I 
look forward to it. It feels good. 
P#7-Yea, I feel good. Yup
P#8-No, its fine.
P#9-Its different, but its not 
anywhere negative or positive, 
you know.
P#10-I was just going to say 
this one is good, it’s the one on 
the left isn’t as, uhh, not 
compressing but secure. The 
other lacing felt more secure on 
the foot.P#10-Even though my 
foot feels okay, I think the other 
one just felt a lot better, closer to 
the toes.P#10-No, I think the 
other one felt more secure more 
towards my toes. This one is 
more secure towards my ankle. 
Umm, I kind of like the other 
one better.


















P#7-Yea. Seems okay. Feels 
like me. Right…more?
Researcher-Is that about where 





































P#6-Ahh, actually looser then I 
usually have them but. P#6-
Umm, yea, ahh lets see, my left 
foot is looser on the heel when 
I’m walking. Umm, but I also 
feel slightly more stable. I don’t 
know whether its cause I’m 
used to walking in front of 
people who were paying 
attention or not, but, umm, yea. 
The back of my shoe feels more 
secure. The front feels a little 
looser, umm, and the arthritis 
thing is a little less right 
now.P#6-I can feel the back of 
my shoe better. Umm, the front 
of my shoe is a little more, 
there’s a little, actually, well, its 
not painful, its ahh, yea, there’s 
not that much difference.
P#7-Yea. It feels very 
comfortable.
P#9-That’s fine. You can do it 
real tight, if you want. It’s still 
loose. P#9-[foot} In the back. 
Yup, its not the same as this 
one. That’s what I’m saying. 
P#10-Okay. Umm, it feels like 
my feet are more enclosed. 
Umm, that there not going to go 
anywhere. Umm, I don’t 
know…it feels comfortable. 
More comfortable then it was 
before. P#10-I think I feel I can 
do anything, with them tighter.


















P#6-Well, it just feels. I like my 
feet to feel really secure. P#6-
Alright, Yup, it feels, ahh, 
somehow looser in some places 
but better in others.P#6-I don’t 
want any sliding around.
P#7-Right. It just feels, it just 
feels different, and it feels very 
comfortable. Its just, it’s so 
different. P#7 No pain
P#8-Tighter, on my to e, my big 
toe I can feel it. P#8-But its 
looser up here . 
P#9-Hmm, actually tight . P#9-
Umm, just a different set of 
pressures, ahh, that’s about it. 
But I can’t…P#9-Toes are 
wiggly.  They are completely 
free.
P#10-I knew the difference 
because, the one that you just 
took apart was more secure 
towards the end of the foot. It 
held it in. This one is…the 
whole foot feels the same on the 
left. P#10-Umm, right on top 
feels tighter, but you know more 
snug.P#10-The one that you 
did, just before what your doing 
now. The second one, the 
second one. P#10-You know 
the pressure is the same where 
the other one the pressure I 
could feel more towards the 
bottom.P#10-On the bottom 
three laces. P#10-Right, more 
towards the toe.
















P#6-Well, I feel stiff, my butt 
feels stiff. My feet feel alright. 
Well, I feel a little bit off balance 
because I’m walking slowly and 
not focusing exactly. P#6-And I 
always feel a little wobbly 
because I’m trying to deal with 
the arthritis in my right, in my 
big toe. P#6-Yea, Piriformis and 
it’s the right side.P#6-Umm, my 
butt hurts P#6-Umm, just 
hurting. 16 annoying. Wow.P#6-
Well that depends. But, um, if I 
go like this, I can feel it and it 
hurts.
P#8-Where’s ache. P#8-And, 
now my right hip. Where, yeah, 
medial glute. P#8-Pain, mild 
discomforting, distressing.P#8-
And, what else? ... Let me just 
read these and see what the 
options are. Aching, oh here. 
P#8-Yes, my medial glutes on 
my right side, because I haven’t 
been moving this morning, I’ve 
got to get sort of, more active. 
I’ve gotta…
P#9-Nothing at all.
P#10-So I have aching right on 
the bottom of my butt.P#10-Im 
going to put, no pain.P#10-Oh, 
okay. I give it a two…am I on a 
two? P#10-Okay. I’m 
comfortable. I don’t notice any 
difference. Umm, its fine. The 
achiness is not there when I’m 
walking.P#10-Oops. Still feels 
okay.P#10-Achiness is gone.
















P#6-Yea, its still a 2. Except 
when I’m walking it goes a little 
bit up to a you know a 3. P#6-
But the 2, you know the 2 is my 
butt. P#6-Umm, the 3 is my toe.
Researcher-So its nine (on the 
McGill) . Actually, you said, 
cozy, alright. You still have 
your aching right now? P#8-No, 
I’m not moving, but if I 
probably… P#8-I just feel a 
































P#6-Umm, You, I really don’t 
know whether, why, the, my big 
toe doesn’t hurt as much, umm, 
it could be the walk just that it 
gets used to walking or it could 
be because of the way the shoes 
are tied. I’m not sure. But it 
doesn’t hurt.
P#8-Okay, I still feel an ache in 
my right hip. And my shoes are 
tighter around my toes, but 
looser around my ankle.. Sitting 
too long.  P#8-Yeah (still 
aching). P#8-Yeah(glutel 
medius).  P#8-Maybe 2.
P#10-And the aching this is 
really getting…P#10-Yeah, it’s 
a one. P#10-I don’t even have 
that anymore. I just don’t have 
any pain. And the bum feels 
better.
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P#11-I can feel the bottom of 
my feet.
P#12-Huh, I don’t know, I 
don’t really feel…
P#13-But as far as these things 
it’s still a zero.
P#14-Oh, umm, I don’t feel any 
pain anywhere. I feel very 
comfortable. My shoes are 
fabulous, they are soft, and they 
feel like clouds when I walk on 
them, which is why I wear 
them. Umm, I feel the laces are a 
little tight, again I have a bump 
on the top each of my foot 
because I have a high arch, and 
the laces are a little tight there. 
But it’s not painful.
P#15-My toes are wiggly and 
free and fantastic, and I love 
that.












P#11-There’s no pain on either 
one of those.
P#12-No, yeah, they feel 
different. They feel better 
actually.P#12-Umm, Ahh, just 
the sneakers feel a little snug, 
that’s all. Umm, that they 
actually feel better than they did 
before.
P#13-Umm, from a sense, if it 
feels any different, hmm.
mm, I’m feeling good












P#11-They feel fine. Umm, the 
toes feel lose with room to fool 
around. I’m adjusting my neck 
somehow. I want to lengthen it.
P#12-Feels good.
P#13-Fine. P#13-Yeah, I’m 
going to try this lacing pattern, I 
think. On, on, the few laced 
shoes that I still have.
P#14-Okay, umm, it feels 
comfortable. I don’t notice much 
of a difference. Umm, I again 
notice that because my heel is 
farther back, I can feel the arch 
of the foot. It feels like the toe 
box is, it feels spacy. Umm, so 
it feels good.P#14-No pains. No 
pains anywhere.
P#15-Wiggly toes, umm, it feels 
good.












P#11-My arch is being pressed. 
P#11-Little wobbly. Can feel 
my heels and my arches. I think 
maybe there’s a little crimp in 
the sole of the left arch. (Sensor 
was straightened)
P#13-Umm, I just ahh, the 
sensation of the belt around my 
waist, I’m not high waisted so I 
feel that. Umm, my shoes feel a 
little different but not that 
different. Ahh, and that light 
wouldn’t break.
P#14-Umm, I can feel they are 
just a tiny bit snug right here. 
P#14-We’ll make that a two, 
cause I can feel it.
P#15-It feels cushy.












P#12-No, just that they feel a 
little tighter. That’s all.
P#13-I guess it does feel, kind 
of snugger. Then before, all the 
way down.P#13-Yup. I guess I 
am more aware of the top of my 
shoes on my foot cause they are 
so snug. But I don’t feel 
anything different on my heel.
P#14-Again, snug, and it could 
be that I’m just accustomed to 
wearing looser shoes. So, it 
would be snug. P#14-Okay, 
umm, I can feel the laces are 
snugger. Umm, I feel like I’m 
walking more on my heel. I 
don’t know why. Umm, I don’t 
feel any pain. Umm, I can feel 
my arch a little more cause it 
feels like my foot is back 
further.
P#15-Okay, I’m walking. 
Umm, feeling a little bit of 
slipping under my arches. 
Umm, my toes are nice and 
wiggly. U.











OE P#11-Well, it feels loose.P#11-Ahh, in, in the middle of the 
shoe. P#11-I just did. The shoes 
feel a little loose but 
comfortable . Umm, I don’t 
know how long they would feel 
comfortable after walking in 
them for any length of time 
cause they feel a little tight at the 
top.P#11-But I’m trying to think 
that I usually don’t like the 
middle or the bottom to feel 
tight, so, I don’t know how 
different it is.
P#12-Ahh, it feels normal. Like 
I said, it feels snug toward the 
toes. Umm, feels better.P#12-
No, they feel snug around the 
toes.
P#13-Umm, right before. Umm, 
and it feels loose r in the heel. 
P#13-Umm, snug all around. 
Very secure,  my sneakers are 
not going to fly off. P#13-
Umm, my a, the front of my 
foot feels, ahh, kind of free, like 
it’s not a synched in. But, my 
heel is definitely seated.
P#14-, they feel a little snuggy 
here.Researcher-What do your 
toes feel like? What do you, any 
difference? P#14-Not that I am 
aware.
P#15-Yeah. I wouldn’t expect it 
would feel secure. But, umm, 
the way it looks. But it’s 
holding my foot in wel l. P#15-
Umm, it feels secure. It feels 
umm, a little tighter around the 
ankle or the top. Umm, my toes 
are still free












P#14-Well, there’s no pain.
P#15-My toes are wiggling 
around a lot. Maybe too much, 
but I don’t mind it.













































Table C 1 Participant responses 
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P#16-Okay. I’m fine. No pain.
P#17-Everything feels fine right 
now. Ahh.
P#18-Fine. I am feeling a 
sensation on the bottom of my 
feet because there is something 
new in there.
P#19-I am walking. Feels like 
walking. I can feel the kneecap 
in my right knee and that’s all. 
Turn around.
















P#16-Nothing, I’m fine. No 
pain. No pain. Nothing. I’m in 
good shape. Excellent. No pain 
in my…
P#17-Actually, they feel really 
great. P#17-Feels good. P#18-
Nope, perfect. Feels good.
P#18-No, nope, like right here, 
it’s not uncomfortable. P#18-
Nope, perfect. Feels good.P#18-
More comfortable the second 
time. P#18-No. It feels good. 
Once you move your feet 
around and get everything 
loosened up its fine.P#18-
What’s going on in my shoes? 
Ahh, they feel very comfortable. 
No, everything is fine.
P#19-Feel’s good.
















P#16-I think it feels better. I, 
ahh. P#16-Yeah, it’s a better fit, 
I think.
P#17-Feels good.
P#18-Good.P#18-It feels good. 
It feels fine. It’s actually very 
comfortable. P#18-Which I am 
very surprised about, I didn’t 
think it would make any 
difference but apparently it does.


















P#16-Everythings fine. No pain. 
Only when I sit down.
P#17-Ahh, everything seems 
fine.
P#18-Its very comfortable but it 
was a little, umm, I could feel, I 
could tell there was something 
in my shoes P#18-No, its just 
umm, its just there. But not 
uncomfortable, I mean its not, 
but its not as comfortable as 
without them.


















P#16-That’s fine. I’ve got 
control of my shoes.
P#18-Feels tighter.
P#19-It feels like walking.P#19-
So, I can feel the thing in my 
shoe here, I don’t know what it 
feels like. P#19-So, alright, 
maybe a one. So, is that just one 
there?


















P#16-No, not, not so tight. Ahh, 
A lot easier  in the middle of the 
foot, you know towards the pad. 
Everything’s fine. It’s not tight.
P#17-I mean they actually feel 
comfortable, ahh, and now that 
I’m walking, I don’t feel the 
pressure that was on the top 
from that lace. Ahh, the back is 
a little, a little snug maybe but, 
ahh, other than that it doesn’t 
feel bad at all.
P#18-Yes. It does feel 
different.P#18-It feels like it is, 
it does, I can actually feel the 
pull this way.
P#19-So the shoes feel, umm, 
they feel broader across the arch 
and across the ball. P#19-So the 
shoes feel looser, ahh, roomer 
across the ball of the foot and 
actually a little sloshy 
particularly the right one.
















P#16-In my knees.P#16-Behind 
the knees. Yeah, okay. P#16-
Yeah. Throbbing. P#16-That 
was a crack. You can hear it. 
P#16-Yeah, troublesome. P#16-
Only when it spasms.P#16-
Sitting down it is probably a 
three.
 I have some pain in my right 
foot. Ahh, its like on the top of 
my foot. I’ve had that before. 
P#17-Right here. Its on my right 
foot. Its right on top. P#17-It’s 
just kind of prickling a little bit. 
P#17-Ahh, I would say it would 
be like a two. P#17-And its, its 
actually right here. And what it 
does is it goes, it actually goes 
from here, and it will go down 
to my toes. P#17-And it’s like 
here, and then it goes down to 
ahh, sometimes just the big toe, 
sometimes the other toes also.
I always have knee pain
















You didn’t have any pain in 




P#17-Actually it feels really 
good. Ahh, I actually have no 
pain in my right foot ahh, and 
the left foot is fine. It actually 
feels very good. Ahh, no 
problem with my back but I 
usually have a problem with my 
back when I bend over, I cant 
stay bent over too long and I 
cant stand up straight too long, 
so I’ve got to keep moving. 
Ahh, they actually told me I had 
a degenerating disk years ago 
but, ahh, I’m just kind of living 
with it.
P#18-No, just, well just right 
around, right around this, the 
center right there. "Researcher-
So, right here is mid foot. P#18-
Yeah, but its fine now. Once I 
moved my foot around.
P#18-Right."
P#19-And I can feel my knee. 
P#19-I can always feel my knee.
















P#16-Just, the movement of the 
shoe, to my foot, it felt different, 
like, you know where it like 
comes to the pad in the back is 
like I’m walking on a flat foot. 
P#16-And I’m not flat 
footed.P#16-Yeah, they feel 
different. From rear to front. 
P#16-You know, I’m, I’ve 
experienced pain going into my, 
Researcher-Alright. Any pain in 
your knee, your hip, any. P#16-
Oh, no more than three. It’s not 
a ten, or one. from the back to 
the front. P#16-Its like my foot 
is looser. P#16-Right in the 
middle. Right in the middle of it. 
P#16-Ache, it well, yeah, 
aching.
P#17-I feel more, I feel more 
pain this way here, maybe 
because its this lace that comes 
across here. P#17-It pushes 
down on the top.P#17-I think 
maybe that, that may be the 
problem with that.P#17-Im 
going to say that, that its just 
the. I’m just going to say that, 
that its tingling. The right foot.
P#18-Okay. It feels comfortable 
and I can actually feel the pull 
this way.Researcher-So, you 
can feel the pull from the great 
toe to the outside. P#!8 Yes, 
Researcher-So, like a twist? 
P#18 Yes
P#19-Ahh, I can feel my knee 
all the time. Umm, I have a 
broken knee cap. So, at every 
step I feel the knee cap. But its, I 
just feel it. Its not, pain is a little 
bit overstated. But I definitely, 
you don’t usually, you can’t feel 
your kneecap as your sitting 
there, but when I stand up, I can 
feel my knee cap. So. Its just 
ahh the same thing. Probably at 
a one. And I don’t, do you want 
me to say something about 
the…
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APPENDIX D  
QUANTITATIVE ANALYSES 
Participant #1 Participant #2 Participant #3 Participant #4 Participant #5
Age at time of study 68 77 91 77 74
Self Identified gender Female Female Female Female Male
Self Identified ethnicity White - - - White
Stated Height 5'3" 5'4" 5'3" 5'4" 5'7"
Stated Weight 148 150 128 - 152
Approximate income <$8000/Month <$3000/Month <$1000/Month <$1000/Month <$5000/Month
Level of education Gradutate degree Associates High school diploma Some school Gradutate degree
Who do you live with? Spouse Live alone Granddaughter & husband Husband Wife
Type of housing you live in? Single family, Own Single family, own Single family, live with family Single family Own
What activities do you regularly participate in? Walking, tap dancing
Walking, Court sports e/g Tennis/ Pickle ball/ 
Table tennis, basketball, bowling Walking Walking
Walking, Jogging, Working out with light 
weights
How often do you exercise? During my daily activities, I take classes A few times a week Once a week During my daily activities A few times a week, 5x/week
Other - - - - - -
I would describe myself as Active Very active Active Active Very active
Other - - - - - -
What is your shoe size? 6 9 6 m (wearing 6) 8.5 (wearing 8.5) 9 (wearing 10.5)
Do your shoes feel comfortable or uncomfortable? Comfortable Comfortable Comfortable Comfortable Comfortable
Do you struggle to find shoes that fit? No No Sometimes, because of small size No Yes
What is your marital/relationship status? Married Widowed Widow Married Married
Insurance Yes Yes Yes Yes Yes
What type of shoes do you like to wear? Clogs Slip on and shoes w/heels Slip on shoes Sneakers Hiking shoes - sneakers
Please tell us why you like to wear them. Height gets you up above mud, water, etc. Comfortable Easy to get into Comfort 
They are more comfortable than traditional 
shoes
Please circle: I like to just slip on my shoes I like to just slip on my shoes I like to just slip on my shoes I like my shoes tight I like to secure my shoes
- - - - I like my shoes tight
- - - - -
- - - - -
How often do you change your shoes? Once or twice a day Once per day unless walking or bowling - - I don’t change them during most days
Please describe your foot health e.g. healthy, sore, not 
good, pealing skin, calluses, corns, sores etc.
Fairly healthy except for some nail fungus 
and athletes foot Fair - been working on them, cracked & dry Healthy Healthy Healthy
Please describe your feet e.g. flat, narrow, wide, high arch, 
hammer toes, bunions etc.
High arch, wide, some enlargement at 
bunions Average High arch - Narrow perhaps ?
Do you have foot pain? No No No Sometimes No
Do you have hip pain? No No No Sometimes No
Do you have knee pain? No (rarely) No No Sometimes No
Do you have back pain? Sometimes Sometimes, rare No Sometimes Sometimes
Who do you receive care of your feet from? Myself Foot care nurse 1 time - Podiatrist I receive no care for my feet
Please describe any foot issues, including surgeries, that 
you have or have had. (Including hip and knee 
replacements) - None - No None
Good usually but may not currently be as 
good due to head congestion Good Good Ok Good
Regarding falls - Please describe your personal experiences
Fell once this past autumn running on loose 
gravel; otherwise none in years Trip occasionally or fall on ice No recent falls None No falls
What medications do you take on a regular basis?
Levothyroxine (thyroid), multivitamins, fish 
oil None
Avorsastin, Atenolol, Losartan, Chlorthalidone, 
Glipizide, Metformin Blood pressure, cholesterol Lisinopril, Pravastatin
Please share anything else you would like us to know about 
you, your feet, your shoe fit and your gait and balance. - - - - N/A
1 finger test Index finger - No room for finger little finger little finger 
Finger to mm conversion 15mm 11mm 11mm
Actual shoe size 6 8.5 10.5
What is your shoe size? 6 9 6 m 8 1/2 9
Table D1 Demographics participant 1-5 
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Participant #6 Participant # 7 Participant #8 Participant #9 Participant #10
Age at time of study 70 82 81 75 70
Self Identified gender Female Female Female Male Female
Self Identified ethnicity White White White White White
Stated Height 5'7" 5'3" 4'11" 5'6.5" 5'4.5"
Stated Weight 146 150 120 215 158
Approximate income <$2000/Month <$2000/Month <$4000/Month $10,000/Month <$4000/month
Level of education Gradutate degree Gradutate degree Gradutate degree Gradutate degree Professional certificate
Who do you live with? Spouse Spouse Self Wife & 2 children Self
Type of housing you live in? Single family, Live with family, Own Own
Single family, Live with house mates 
(sometimes only), Own Single family, live with family, Own Single family
What activities do you regularly participate in? Walking Walking, dog walking
Walking, Exercise classes, Yoga, Biking, X 
Country ski & Snow shoe None walking, yard work - heavy & light
How often do you exercise? Daily Daily A few times a week, I take classes, walk, bike - During my daily activities
Other - - - Winter x ski, and snow shoe - -
I would describe myself as Active Active Very Active - Active
Other - - - - None -
What is your shoe size? 9.5 (wearing 9.5) 9 9 ? 9.5 m
Do your shoes feel comfortable or uncomfortable? Comfortable Comfortable Comfortable - Comfortable
Do you struggle to find shoes that fit? Yes Sometimes - wide width
Sometimes, left foot wide longer, right foot 
narrow shorter - No
What is your marital/relationship status? Married Married Widow Wife  Widowed
Insurance Yes Yes Yes Yes Yes
What type of shoes do you like to wear? Sneakers Laced sneakers Birkenstock, sneaker SAS Usually slip on's
Please tell us why you like to wear them. They keep my feet secure - Comfort, ease to put on I can get them on and off with out bending Easier to put on in rush
Please circle: I like my shoes tight I like to secure my shoes I like to just slip on my shoes I like to just slip on my shoes I like to just slip on my shoes
- - - I like my shoes loose -
- - - - -
- - - - -
How often do you change your shoes? Shoes to crocs in house - 2 or 3x a day 3 x Once a day When they are no longer sound Not often enough - depends on day or occasion
Please describe your foot health e.g. healthy, sore, not 
good, pealing skin, calluses, corns, sores etc. Mixed - orthotics for years Healthy
Calluses, 5 broken bones in left ankle/foot, 3 
due to car accident, 2 due to 2 falls Healthy Healthy
Please describe your feet e.g. flat, narrow, wide, high arch, 
hammer toes, bunions etc. Narrow, high arch, pronation, arthritis in toes Wide Narrow, Wide Wide normal
Do you have foot pain? Yes No No, ache No No
Do you have hip pain? Yes No Ache No No
Do you have knee pain? No Sometimes  No No No
Do you have back pain? Yes - lower back Sometimes No No Sometimes
Who do you receive care of your feet from? PT/ Podiatry Podiatry None Don’t
Please describe any foot issues, including surgeries, that 
you have or have had. (Including hip and knee 
replacements) - Heel Spur Fungus between toes None - past history plantar fasciitis
Good "not so good" Good fair - good
Regarding falls - Please describe your personal experiences Fell down a few stairs Not often
One before hip replacement (-perhaps 2 years 
ago.
emptying wheel barrel - tripped & fell back on 
leaves
What medications do you take on a regular basis? - Lisinopril
Glipizide, Valsartan, Hydrochlorothiazide, 
Metformin, Simvastatin Levothyroxine, Fosamax, Timolol, Latanoprost
Please share anything else you would like us to know about 
you, your feet, your shoe fit and your gait and balance. - I like to walk - -
1 finger test Middle finger no finger little finger
Finger to mm conversion 16 mm 11mm
Actual shoe size 9.5 9 WW 9 (Euro 41 1/3)
What is your shoe size? 9 1/2 9 9 9.5 m
Table D2 Demographics participant 6-10
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Participant #11 Participant #12 Participant #13 Participant #14 Participant #15
Age at time of study 82 69 68 76 67
Self Identified gender Female Male Female Female Female
Self Identified ethnicity White White Hispanic White White
Stated Height 5'4" 6' 5'4" 5'5" 5'5"
Stated Weight 173 192 188 127 168
Approximate income <$4000/month <$2000/month <$4000/month <$6000/Month <$5000/month
Level of education Bachelors Associates Gradutate degree Gradutate degree Bachelors
Who do you live with? - Wife Partner/Spouse Alone -
Type of housing you live in? Single family, own Single family, own
Live with family, own, live in structured 
community Own Single family
What activities do you regularly participate in? - Exercise classes Walking, weight circuit, recumbent stepper Walking, swimming
Walking, exercise classes, Yoga, Table tennis, 
Bicycling
How often do you exercise? Other few times a week - Daily, optimally a few times a week
Other - Sedentary - 6 days a week - -
I would describe myself as - Active - Active Active
Other - Sedentary - - - -
What is your shoe size? 7 1/2 - 8 11 10 9.5 m - 10 m 8.5 - 9
Do your shoes feel comfortable or uncomfortable? Comfortable Comfortable Comfortable Comfy Comfy
Do you struggle to find shoes that fit? No No No No Sometimes
What is your marital/relationship status? Divorced Married Married Divorced Married
Insurance Yes Yes Yes Yes Yes
What type of shoes do you like to wear? Sneakers - flats Loafers Casual, dress - not pointy heels Ryka Devo 2 Sneakers, 1 slip on
Please tell us why you like to wear them. Balance Comfortable Feel supportive and not uncomfortable
Cloud-like cushion for walking-never have 
worn a shoe as comfortable I feel secure
Please circle: I like to just slip on my shoes I like to just slip on my shoes I like to secure my shoes I like to just slip on my shoes I like to just slip on my shoes
I like to secure my shoes - - - I like to secure my shoes
- - - - -
- - - - -
How often do you change your shoes? Twice daily, different shoes every day Every day By occasion
1) When they wear out, 2) when I wear
heavier or lighter socks Daily
Please describe your foot health e.g. healthy, sore, not 
good, pealing skin, calluses, corns, sores etc. Calluses Good - Calluses, corns - 1x/year Healthy
Please describe your feet e.g. flat, narrow, wide, high arch, 
hammer toes, bunions etc. High arch Normal Wide, hammer toes, low arch High arch High arch
Do you have foot pain? Sometimes No Sometimes Sometimes rare Sometimes
Do you have hip pain? No No Sometimes No Sometimes
Do you have knee pain? Sometimes No Sometimes No Sometimes, new knees
Do you have back pain? No No Sometimes Sometimes  Sometimes
Who do you receive care of your feet from? No one None Podiatrist None Self, podiatrist
Please describe any foot issues, including surgeries, that 
you have or have had. (Including hip and knee 
replacements) Break in right foot None -
1) broke hip in 2006 but it was repaired 
w/3pins, 2) scoliosis leaving left leg 1/2"
shorter Knees new
Two feet - fine, One foot - bad Good - Good Good
Regarding falls - Please describe your personal experiences Tripped on obstruction twice No falls - not often - careful to see where I'm walking Have slipped on ice, currently - some tripping
What medications do you take on a regular basis? Thyroid, HRT
Pradaxa, Ernesto, Copio, Baby aspirin, 
Amiodarone, Atorvastatin, Carvedilol, 
Furosemide - evista peroxicam, feldane, Prilosec
Please share anything else you would like us to know about 
you, your feet, your shoe fit and your gait and balance. - Defibrillator in chest - -
Sore feet - more often than I'd like - *top of 
feet
1 finger test index finger no finger thumb Middle finger little finger
Finger to mm conversion 14mm 0 18mm 18mm 11 mm
Actual shoe size 10.5 (Euro 44 1/2) 9.5 (Euro 39 1/2 M) 9 (Euro 41 1/3)
What is your shoe size? 7 1/2 - 8 11 10 9.5 m - 10 m 8.5 - 9
Table D3 Demographics participants 11-15 
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Participant #16 Participant #17 Participant #18 Participant #19
Age at time of study 82 74 71 67
Self Identified gender Male Male Female Female
Self Identified ethnicity - White White White
Stated Height 5'11.5" 5'10" 5'2" 5'8"
Stated Weight 230 180 155 215
Approximate income <$2000/month <$5000/month <$5000/month -
Level of education Some school Professional certificate Professional certificate Gradutate degree
Who do you live with? 1 cat, 1 dog Wife, son, 2 grandsons Husband, Son, 2 grandsons Husband 
Type of housing you live in? Single family, own Single family Single family, Own Single family
What activities do you regularly participate in? Walking Walking
Walking, Exercise classes, Tai Chi/Yoga/Qi 
Gong Walking, Dog walking
How often do you exercise? Daily - During my daily activities A few times a week
Other - - - -
I would describe myself as Active Active Active Active
Other - - - -
What is your shoe size? 10 1/2 8 1/2 7 8 1/2
Do your shoes feel comfortable or uncomfortable? Comfortable Feel Comfortable Comfortable Comfortable
Do you struggle to find shoes that fit? No No No No
What is your marital/relationship status? Widowed Married Married Married
Insurance Yes Yes Yes Yes
What type of shoes do you like to wear? Boots Sneakers, Loafers Sketcher Clogs, laced boots, laced shoes, crocs
Please tell us why you like to wear them. Support and comfort Comfortable Comfortable Comfort 
Please circle: I like to just slip on my shoes I like to just slip on my shoes I like to just slip on my shoes I like to just slip on my shoes
- I like to secure my shoes - I like to secure my shoes
- - - I like my shoes tight
- - - -
How often do you change your shoes? Daily - - Once/day
Please describe your foot health e.g. healthy, sore, not 
good, pealing skin, calluses, corns, sores etc. Calluses, dry Sore Healthy Good
Please describe your feet e.g. flat, narrow, wide, high arch, 
hammer toes, bunions etc. High arch Narrow, high arch Wide and 1 hammertoe -
Do you have foot pain? No Yes No No
Do you have hip pain? No - No No
Do you have knee pain? Yes Sometimes No Yes, Right knee, Knee cap fix
Do you have back pain? No Yes Sometimes Sometimes
Who do you receive care of your feet from? Self & daughter None - Self
Please describe any foot issues, including surgeries, that 
you have or have had. (Including hip and knee 
replacements) Knee surgery Pain on top Surgery on left foot - right knee torn ligament Right knee, 12/17
Fair/Steady, top heavy Good Good Fine
Regarding falls - Please describe your personal experiences Falls outside None Slipped on ice 1 yr. ago in December every 1-2 months
What medications do you take on a regular basis? Spiriva, Advair, Sucralfate, Omeprazole
Lisinopril, Hydrochlorothiazide, Metoprolol, 
Atorvastatin Vitamins -
Please share anything else you would like us to know about 
you, your feet, your shoe fit and your gait and balance. - Had Plantar fasciitis Rt foot - -
1 finger test index finger no finger
Finger to mm conversion 14mm 0 8 (Euro 39) 9.5 (Euro 40)
Actual shoe size 11 (Euro 431/3) 9 (euro 40)
What is your shoe size? 10 1/2 8 1/2 7 8 1/2
Table D4 Demographics of participants 16-19 
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Table D5 Example of data output and calculation (P#7, 3rd walk right foot )
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3rd walk frames 959
Intervention #2  heel secured  Shoe shop Right Hallux 2nd toe 3rd toe 4th toe 5th toe Forefoot Heel
Intervention #2 heel secured Shoe shop laces snugged average pressures (kg/cm2) 0.57 0.24 0.28 0.10 0.19 0.97 0.52
Intervention #2  heel secured  Shoe shop lacing snugged max pressure (kg/cm2) 3.19 1.16 1.55 0.81 0.95 4.02 2.23
Intervention #2  heel secured  Shoe shop  75% max pressure (kg/cm2) 2.39 0.87 1.16 0.61 0.71 3.01 1.68
Intervention #2  heel secured  Shoe shop  frequency of 75% max to max pressure 29 53 22 23 43 23 39
Intervention #2  heel secured  Shoe shop  percentage of pressures  75% to max 3.02% 5.53% 2.29% 2.40% 4.48% 2.40% 4.07%
Intervention #2  heel secured  Shoe shop  50% x max pressure (kg/cm2) 1.60 0.58 0.77 0.41 0.48 2.01 1.12
Intervention #2  heel secured  Shoe shop  frequency of 50% max to 75% max 127 164 93 54 150 147 186
Intervention #2  heel secured  Shoe shop  percentage of pressures 50% to 75% 13% 17% 10% 6% 16% 15% 19%
Table D6 Example of calculations P#11 3 walk right foot 
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P#9 Maximum peak pressures
Control max pressure (Kg/cm2)
Intervention #1 heel secured max Pressure (Kg/cm2)




















































P#10 Maximum peak pressures
Control max pressure (Kg/cm2)
Intervention #1 heel secured max Pressure  (Kg/cm2)


























































P#15 Maximum peak pressures
Control max pressure (Kg/cm2)
Intervention #1 heel secured max Pressure  (Kg/cm2)


























































P#16 Maximum peak pressures
Control max pressure (Kg/cm2)
Intervention #1 heel secured max Pressure  (Kg/cm2)
Intervention #2 heel secured  Shoe shop lacing snugged max pressure (Kg/cm2)
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P#9 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)

























































P#10 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)






















































P#11 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)
























































P#12 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)
























































P#13 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)






















































P#14 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)

























































P#15 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)





















































P#16 Average peak pressures
Control average pressures (Kg/cm2)
Intervention #1 heel secured average pressures (Kg/cm2)








L Hallux Control Intervention #1 Intervention #2
1 1.01 0.88 0.86 L Hallux
2 0.20 0.21 0.21 Control Intervention #1Intervention #2
3 0.43 0.45 0.39 Mean 0.42 0.38 0.37
4 0.24 0.17 0.20 Standard Error 0.05 0.04 0.04
5 0.23 0.26 0.22 Median 0.40 0.35 0.34 Anova: Single Factor
6 0.44 0.47 0.46 Mode #N/A #N/A #N/A
7 0.43 0.47 0.39 Standard Deviation 0.22 0.19 0.17 SUMMARY
8 0.09 0.09 0.07 Sample Variance 0.05 0.03 0.03 Groups Count Sum Average Variance
9 0.16 0.30 0.29 Kurtosis 2.20 1.72 2.73 Control 19 7.92 0.42 0.05
10 0.40 0.35 0.35 Skewness 1.16 1.07 1.14 Intervention #1 19 7.28 0.38 0.03
11 0.44 0.44 0.42 Range 0.92 0.79 0.78 Intervention #2 19 6.97 0.37 0.03
12 0.33 0.23 0.25 Minimum 0.09 0.09 0.07
13 0.34 0.33 0.31 Maximum 1.01 0.88 0.86
14 0.38 0.38 0.33 Sum 7.92 7.28 6.97 ANOVA
15 0.47 0.26 0.34 Count 19 19 19 Source of Variation SS df MS F P-value F crit
16 0.73 0.71 0.55 Largest(1) 1.01 0.88 0.86 Between Groups 0.02 2.00 0.01 0.34 0.72 3.17
17 0.67 0.54 0.54 Smallest(1) 0.09 0.09 0.07 Within Groups 1.99 54 0.04
18 0.38 0.33 0.29 Confidence Level(95.0%)0.10 0.09 0.08
19 0.53 0.42 0.50 Total 2.01030645 56
R Hallux Control Intervention #1 Intervention #2
1 0.66 0.66 0.63 Control Intervention #1Intervention #2 Anova: Single Factor
2 0.19 0.20 0.19 Mean 0.43 0.41 0.36
3 0.56 0.53 0.47 Standard Error 0.04 0.04 0.03 SUMMARY
4 0.29 0.29 0.24 Median 0.39 0.37 0.32 Groups Count Sum Average Variance
5 0.32 0.31 0.26 Mode #N/A #N/A #N/A Control 19 8.09 0.43 0.03
6 0.55 0.41 0.50 Standard Deviation 0.16 0.16 0.15 Intervention #1 19 7.70 0.41 0.02
7 0.52 0.44 0.48 Sample Variance 0.03 0.02 0.02 Intervention #2 19 6.93 0.36 0.02
8 0.32 0.29 0.28 Kurtosis -0.96 0.30 -0.91
9 0.27 0.25 0.21 Skewness 0.36 0.67 0.46
10 0.28 0.37 0.32 Range 0.56 0.61 0.49 ANOVA
11 0.50 0.54 0.57 Minimum 0.19 0.17 0.14 Source of Variation SS df MS F P-value F crit
12 0.27 0.29 0.29 Maximum 0.75 0.78 0.63 Between Groups 0.04 2 0.02 0.74 0.48 3.17
13 0.62 0.48 0.63 Sum 8.09 7.70 6.93 Within Groups 1.33 54 0.02
14 0.39 0.49 0.41 Count 19 19 19
15 0.75 0.78 0.34 Largest(1) 0.75 0.78 0.63 Total 1.37 56
16 0.42 0.35 0.29 Smallest(1) 0.19 0.17 0.14
17 0.21 0.17 0.14 Confidence Level(95.0%).08 0.08 0.07
18 0.58 0.51 0.44
19 0.39 0.36 0.24
L 3rd Toe Control Intervention #1 Intervention #2
1 0.09 0.11 0.09
2 0.17 0.17 0.14 L 3rd Toe
3 0.06 0.05 0.05 Control Intervention #1Intervention #2
4 0.14 0.10 0.10 Mean 0.23 0.16 0.15
5 0.13 0.19 0.17 Standard Error 0.05 0.02 0.01 Anova: Single Factor
6 0.15 0.16 0.15 Median 0.16 0.15 0.14 L 3rd Toe
7 0.20 0.21 0.22 Mode #N/A #N/A #N/A SUMMARY
8 0.13 0.14 0.13 Standard Deviation 0.22 0.08 0.06 Groups Count Sum Average Variance
9 1.07 0.17 0.18 Sample Variance 0.05 0.01 0.00 Control 19 4.28 0.23 0.05
10 0.18 0.15 0.13 Kurtosis 12.77 7.51 3.88 Intervention #1 19 3.07 0.16 0.01
11 0.14 0.17 0.14 Skewness 3.43 2.27 1.39 Intervention #2 19 2.78 0.15 0.00
12 0.15 0.14 0.16 Range 1.02 0.39 0.29
13 0.20 0.20 0.18 Minimum 0.06 0.05 0.05
14 0.15 0.23 0.18 Maximum 1.07 0.44 0.34 ANOVA
15 0.28 0.12 0.15 Sum 4.28 3.07 2.78 Source of Variation SS df MS F P-value F crit
16 0.22 0.09 0.07 Count 19 19 19 Between Groups 0.07 2 0.03 1.64 0.20 3.17
17 0.18 0.14 0.12 Largest(1) 1.07 0.44 0.34 Within Groups 1.09 54 0.02
18 0.16 0.10 0.08 Smallest(1) 0.06 0.05 0.05
19 0.48 0.44 0.34 Confidence Level(95.0%)0.11 0.04 0.03 Total 1.16 56
R 3rd Toe Control Intervention #1 Intervention #2 Control Intervention #1Intervention #2 Anova: Single Factor
1 0.08 0.08 0.08
2 0.15 0.17 0.15 Mean 0.21 0.15 0.14 SUMMARY
3 0.05 0.05 0.04 Standard Error 0.05 0.02 0.02 Groups Count Sum Average Variance
4 0.16 0.14 0.12 Median 0.15 0.14 0.13 Control 19 4.01 0.21 0.05
5 0.13 0.15 0.13 Mode #N/A #N/A #N/A Intervention #1 19 2.94 0.15 0.01
6 0.14 0.14 0.16 Standard Deviation 0.22 0.08 0.07 Intervention #2 19 2.75 0.14 0.01
7 0.39 0.41 0.36 Sample Variance 0.05 0.01 0.01
8 0.16 0.14 0.14 Kurtosis 14.49 5.26 3.68
9 0.13 0.11 0.11 Skewness 3.66 1.86 1.69 ANOVA
10 0.25 0.21 0.19 Range 1.01 0.36 0.32 Source of Variation SS df MS F P-value F crit
11 1.06 0.25 0.28 Minimum 0.05 0.05 0.04 Between Groups 0.05 2 0.02 1.25 0.29 3.17
12 0.12 0.08 0.11 Maximum 1.06 0.41 0.36 Within Groups 1.06 54 0.02
13 0.12 0.11 0.12 Sum 4.01 2.94 2.75
14 0.21 0.18 0.18 Count 19 19 19 Total 1.11 56
15 0.17 0.15 0.15 Largest(1) 1.06 0.41 0.36
16 0.14 0.12 0.10 Smallest(1) 0.05 0.05 0.04
17 0.14 0.11 0.08 Confidence Level(95.0%).10 0.04 0.04
18 0.19 0.20 0.14
19 0.21 0.17 0.09
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Table D7 Anova analysis P>0.05 Hallux, 3rd and 5th toes all participants.
L 5th Toe Control Intervention #1 Intervention #2
1 0.15 0.19 0.16
2 0.21 0.16 0.16 L 5th Toe
3 0.04 0.06 0.04 Control Intervention #1Intervention #2
4 0.13 0.09 0.09 Mean 0.16 0.13 0.12
5 0.09 0.06 0.05 Standard Error 0.02 0.02 0.01 Anova: Single Factor
6 0.23 0.31 0.24 Median 0.15 0.11 0.12 L 5th Toe
7 0.25 0.18 0.22 Mode #N/A #N/A #N/A SUMMARY
8 0.11 0.10 0.11 Standard Deviation 0.08 0.07 0.06 Groups Count Sum Average Variance
9 0.15 0.12 0.13 Sample Variance 0.01 0.00 0.00 Control 19 2.96 0.16 0.01
10 0.20 0.17 0.16 Kurtosis 1.44 0.96 -0.44 Intervention #1 19 2.49 0.13 0.00
11 0.12 0.14 0.12 Skewness 0.85 0.94 0.30 Intervention #2 19 2.32 0.12 0.00
12 0.12 0.11 0.11 Range 0.31 0.27 0.20
13 0.05 0.04 0.04 Minimum 0.04 0.04 0.04
14 0.15 0.09 0.06 Maximum 0.36 0.31 0.24 ANOVA
15 0.18 0.09 0.14 Sum 2.96 2.49 2.32 Source of Variation SS df MS F P-value F crit
16 0.36 0.23 0.15 Count 19 19 19 Between Groups 0.01 2 0.01 1.27 0.29 3.17
17 0.13 0.10 0.11 Largest(1) 0.36 0.31 0.24 Within Groups 0.25 54 0.00
18 0.08 0.06 0.05 Smallest(1) 0.04 0.04 0.04
19 0.21 0.20 0.17 Confidence Level(95.0%)0.04 0.03 0.03 Total 0.26 56
R 5th Toe Control Intervention #1 Intervention #2 Control Intervention #1Intervention #2 Anova: Single Factor
1 0.06 0.11 0.10
2 0.15 0.12 0.12 Mean 0.17 0.16 0.15 SUMMARY
3 0.12 0.08 0.07 Standard Error 0.02 0.02 0.02 Groups Count Sum Average Variance
4 0.14 0.14 0.14 Median 0.15 0.14 0.14 Control 19 3.25 0.17 0.01
5 0.13 0.13 0.11 Mode #N/A #N/A #N/A Intervention #1 19 3.11 0.16 0.01
6 0.51 0.48 0.46 Standard Deviation 0.09 0.09 0.09 Intervention #2 19 2.91 0.15 0.01
7 0.21 0.22 0.19 Sample Variance 0.01 0.01 0.01
8 0.13 0.12 0.16 Kurtosis 9.76 6.93 8.71
9 0.22 0.22 0.19 Skewness 2.71 2.26 2.47 ANOVA
10 0.21 0.18 0.14 Range 0.45 0.41 0.42 Source of Variation SS df MS F P-value F crit
11 0.18 0.18 0.19 Minimum 0.06 0.07 0.04 Between Groups 0.00 2 0.00 0.18 0.84 3.17
12 0.21 0.25 0.22 Maximum 0.51 0.48 0.46 Within Groups 0.46 54 0.01
13 0.12 0.09 0.13 Sum 3.25 3.11 2.91
14 0.12 0.12 0.14 Count 19 19 19 Total 0.46 56
15 0.16 0.16 0.14 Largest(1) 0.51 0.48 0.46
16 0.20 0.15 0.15 Smallest(1) 0.06 0.07 0.04
17 0.13 0.08 0.06 Confidence Level(95.0%).05 0.05 0.04
18 0.18 0.21 0.14
19 0.07 0.07 0.04
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Table D9 Descriptive statistics for all average toe pressures Kg/ cm2.









Table D11 Left 4th toe showing statistical significance Control to Intervention # 1 
and Intervention #2 
 
 
L 4th Toe Control Intervention #1 Intervention #2
1 0.13 0.12 0.12
2 0.11 0.08 0.07 L 4th Toe
3 0.10 0.11 0.10 Control Intervention #1Intervention #2 Anova: Single Factor
4 0.15 0.11 0.09 Mean 0.14 0.11 0.09 L 4th Toe
5 0.10 0.13 0.10 Standard Error 0.01 0.01 0.01 SUMMARY
6 0.11 0.16 0.12 Median 0.13 0.11 0.10 Groups Count Sum Average Variance
7 0.11 0.04 0.03 Mode #N/A #N/A #N/A Control 19 2.64 0.14 0.00
8 0.17 0.14 0.15 Standard Deviation 0.05 0.04 0.03 Intervention #1 19 2.04 0.11 0.00
9 0.19 0.14 0.15 Sample Variance 0.00 0.00 0.00 Intervention #2 19 1.80 0.09 0.00
10 0.14 0.11 0.10 Kurtosis -0.42 0.53 -0.47
11 0.08 0.09 0.08 Skewness 0.60 0.61 -0.15
12 0.11 0.09 0.11 Range 0.18 0.15 0.12 ANOVA
13 0.06 0.06 0.06 Minimum 0.06 0.04 0.03 Source of Variation SS df MS F P-value F crit
14 0.23 0.12 0.09 Maximum 0.24 0.20 0.15 Between Groups 0.02 2 0.01 5.94 0.00 3.17
15 0.19 0.09 0.14 Sum 2.64 2.04 1.80 Within Groups 0.09 54 0.00
16 0.19 0.09 0.06 Count 19 19 19
17 0.13 0.09 0.08 Largest(1) 0.24 0.20 0.15 Total 0.11 56
18 0.09 0.06 0.04 Smallest(1) 0.06 0.04 0.03
19 0.24 0.20 0.11 Confidence Level(95.0%)0.02 0.02 0.02
p0[]
t-Test: Two-Sample Assuming Equal Variances t-Test: Two-Sample Assuming Equal Variances t-Test: Two-Sample Assuming Equal Variances
Control Intervention #1 Control Intervention #2 Intervention #1Intervention #2
Mean 0.14 0.11 Mean 0.14 0.09 Mean 0.11 0.09
Variance 0.00 0.00 Variance 0.00 0.00 Variance 0.00 0.00
Observations 19 19 Observations 19 19 Observations 19 19
Pooled Variance 0.00 Pooled Variance 0.00 Pooled Variance 0.00
Hypothesized Mean Difference0 Hypothesized Mean Difference 0 Hypothesized Mean Difference0
df 36 df 36 df 36
t Stat 2.21 t Stat 3.22 t Stat 1.11
P(T<=t) one-tail 0.02 P(T<=t) one-tail 0.00 P(T<=t) one-tail 0.14
t Critical one-tail 1.69 t Critical one-tail 1.69 t Critical one-tail 1.69
P(T<=t) two-tail 0.03 P(T<=t) two-tail 0.00 P(T<=t) two-tail 0.27
t Critical two-tail 2.03 t Critical two-tail 2.03 t Critical two-tail 2.03
Table D10 Anova for left 2nd toe showing statistical significance Control to 
Intervention #2 
Left 2nd toe Control Intervention #1 Intervention #2 L 2nd Toe
1 0.13 0.12 0.10 Control Intervention #1Intervention #2
2 0.11 0.11 0.11 Mean 0.20 0.15 0.14
3 0.07 0.06 0.06 Standard Error 0.03 0.01 0.01 Anova: Single Factor
4 0.17 0.12 0.12 Median 0.18 0.14 0.13 L 2nd Toe
5 0.09 0.13 0.10 Mode #N/A #N/A #N/A SUMMARY
6 0.15 0.15 0.14 Standard Deviation 0.12 0.05 0.05 Groups Count Sum Average Variance
7 0.24 0.20 0.19 Sample Variance 0.02 0.00 0.00 Control 19 3.82 0.20 0.02
8 0.18 0.18 0.17 Kurtosis 9.54 2.94 0.97 Intervention #1 19 2.81 0.15 0.00
9 0.64 0.13 0.13 Skewness 2.76 1.26 0.87 Intervention #2 19 2.62 0.14 0.00
10 0.17 0.14 0.10 Range 0.57 0.24 0.21
11 0.20 0.22 0.20 Minimum 0.07 0.06 0.06
12 0.18 0.16 0.20 Maximum 0.64 0.30 0.27 ANOVA
13 0.14 0.15 0.15 Sum 3.82 2.81 2.62 Source of Variation SS df MS F P-value F crit
14 0.19 0.16 0.13 Count 19 19 19 Between Groups 0.04 2 0.02 3.22 0.05 3.17
15 0.24 0.11 0.12 Largest(1) 0.64 0.30 0.27 Within Groups 0.37 54 0.01
16 0.23 0.11 0.09 Smallest(1) 0.07 0.06 0.06
17 0.23 0.17 0.16 Confidence Level(95.0%)0.06 0.03 0.02 Total 0.41 56
18 0.13 0.10 0.09
19 0.33 0.30 0.27
L 2nd Toe
t-Test: Two-Sample Assuming Equal Variances t-Test: Two-Sample Assuming Equal Variances t-Test: Two-Sample Assuming Equal Variances
Control Intervention #1 Control Intervention #2 Intervention #1Intervention #2
Mean 0.20 0.15 Mean 0.20 0.14 Mean 0.15 0.14
Variance 0.02 0.00 Variance 0.02 0.00 Variance 0.00 0.00
Observations 19 19 Observations 19 19 Observations 19 19
Pooled Variance 0.01 Pooled Variance 0.01 Pooled Variance 0.0
Hypothesized Mean Difference0 Hypothesized Mean Difference 0 Hypothesized Mean Difference0
df 36 df 36 df 36
t Stat 1.73 t Stat 2.07 t Stat 0.61
P(T<=t) one-tail 0.05 P(T<=t) one-tail 0.02 P(T<=t) one-tail 0.27
t Critical one-tail 1.69 t Critical one-tail 1.69 t Critical one-tail 1.69
P(T<=t) two-tail 0.09 P(T<=t) two-tail 0.05 P(T<=t) two-tail 0.55




Table D12 Forefoot Anova 
L Forefoot Control Intervention #1 Intervention #2
1 0.94 0.91 0.80
2 0.43 0.41 0.38 L Forefoot
3 0.64 0.67 0.60 Control Intervention #1Intervention #2 Anova: Single Factor
4 0.78 0.70 0.72 Mean 0.76 0.81 0.79 L Forefoot
5 0.83 0.34 0.70 Standard Error 0.07 0.08 0.07 SUMMARY
6 0.49 0.66 0.56 Median 0.79 0.79 0.77 Groups Count Sum Average Variance
7 0.82 0.84 0.82 Mode #N/A #N/A #N/A Control 19 14.38 0.76 0.09
8 0.36 0.42 0.46 Standard Deviation 0.30 0.34 0.29 Intervention #1 19 15.31 0.81 0.11
9 0.20 1.01 1.02 Sample Variance 0.09 0.11 0.09 Intervention #2 19 15.06 0.79 0.09
10 0.74 0.76 0.72 Kurtosis 0.75 1.13 0.77
11 0.86 1.13 1.10 Skewness 0.40 0.58 0.84
12 1.32 1.19 1.48 Range 1.23 1.41 1.10 ANOVA
13 0.65 0.70 0.62 Minimum 0.20 0.26 0.38 Source of Variation SS df MS F P-value F crit
14 0.89 1.05 0.88 Maximum 1.42 1.66 1.48 Between Groups 0.02 2 0.01 0.13 0.88 3.17
15 0.47 0.26 0.38 Sum 14.38 15.31 15.06 Within Groups 5.16 54 0.10
16 1.42 1.66 1.34 Count 19 19 19
17 0.79 0.79 0.79 Largest(1) 1.42 1.66 1.48 Total 5.19 56
18 0.86 0.98 0.77 Smallest(1) 0.20 0.26 0.38
19 0.88 0.86 0.90 Confidence Level(95.0%)0.14 0.16 0.14
R Forefoot Control Intervention #1 Intervention #2 Control Intervention #1Intervention #2 Anova: Single Factor
1 0.90 0.89 0.77
2 0.37 0.32 0.36 Mean 0.79 0.80 0.76 SUMMARY
3 0.67 0.57 0.59 Standard Error 0.09 0.07 0.07 Groups Count Sum Average Variance
4 0.76 0.75 0.75 Median 0.70 0.76 0.68 Control 19 14.94 0.79 0.15
5 0.70 0.69 0.61 Mode #N/A #N/A #N/A Intervention #1 19 15.23 0.80 0.10
6 0.46 0.46 0.46 Standard Deviation 0.39 0.31 0.30 Intervention #2 19 14.41 0.76 0.09
7 0.70 0.78 0.67 Sample Variance 0.15 0.10 0.09
8 0.58 0.57 0.59 Kurtosis 3.77 2.53 3.48
9 0.99 0.96 0.91 Skewness 1.66 1.26 1.46 ANOVA
10 0.80 0.81 0.78 Range 1.74 1.36 1.29 Source of Variation SS df MS F P-value F crit
11 0.22 1.01 0.97 Minimum 0.22 0.32 0.36 Between Groups 0.02 2 0.01 0.08 0.92 3.17
12 1.11 1.15 1.10 Maximum 1.96 1.68 1.65 Within Groups 6.08 54 0.11
13 0.66 0.62 0.59 Sum 14.94 15.23 14.41
14 0.52 0.71 0.68 Count 19 19 19 Total 6.10 56
15 0.59 0.54 0.38 Largest(1) 1.96 1.68 1.65
16 1.96 1.68 1.65 Smallest(1) 0.22 0.32 0.36
17 0.77 0.76 0.99 Confidence Level(95.0%).19 0.15 0.14
18 0.74 0.76 0.63
19 1.45 1.21 0.93
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L Heel Av Control Intervention #1 Intervention #2
1 0.84 0.77 0.78
2 0.49 0.53 0.50 L Heel
3 0.65 0.65 0.63 Control Intervention #1Intervention #2
4 0.68 0.60 0.55 Mean 0.61 0.59 0.55 Anova: Single Factor
5 0.33 0.78 0.36 Standard Error 0.06 0.04 0.03 L Heel
6 0.99 0.59 0.72 Median 0.52 0.55 0.50 SUMMARY
7 0.47 0.44 0.45 Mode #N/A #N/A #N/A Groups Count Sum Average Variance
8 0.51 0.45 0.41 Standard Deviation 0.25 0.18 0.15 Control 19 11.68 0.61 0.06
9 0.11 0.66 0.57 Sample Variance 0.06 0.03 0.02 Intervention #1 19 11.15 0.59 0.03
10 0.57 0.53 0.49 Kurtosis 0.26 -0.39 -0.66 Intervention #2 19 10.42 0.55 0.02
11 1.13 0.74 0.70 Skewness 0.38 0.36 0.25
12 0.88 0.93 0.78 Range 1.02 0.64 0.51
13 0.52 0.49 0.46 Minimum 0.11 0.29 0.27 ANOVA
14 0.55 0.47 0.56 Maximum 1.13 0.93 0.79 Source of Variation SS df MS F P-value F crit
15 0.50 0.33 0.46 Sum 11.68 11.15 10.42 Between Groups 0.04 2 0.02 0.56 0.58 3.17
16 0.48 0.29 0.27 Count 19 19 19 Within Groups 2.05 54 0.04
17 0.96 0.89 0.79 Largest(1) 1.12611889 0.92738994 0.7874053
18 0.52 0.46 0.48 Smallest(1) 0.10996792 0.2861933 0.27252853 Total 2.09 56
19 0.51974478 0.55326302 0.475478616 Confidence Level(95.0%)0.11893167 0.08474588 0.07128057
Right heel Av Control Intervention #1 Intervention #2 Control Intervention #1Intervention #2 Anova: Single Factor
1 0.93 0.73 0.76
2 0.40 0.35 0.34 Mean 0.64 0.64 0.60 SUMMARY
3 0.56 0.66 0.55 Standard Error 0.05 0.04 0.04 Groups Count Sum Average Variance
4 0.68 0.65 0.59 Median 0.61 0.65 0.57 Control 19 12.23 0.64 0.04
5 0.33 0.30 0.32 Mode #N/A #N/A #N/A Intervention #1 19 12.17 0.64 0.04
6 0.86 0.80 0.68 Standard Deviation 0.21 0.19 0.17 Intervention #2 19 11.39 0.60 0.03
7 0.60 0.55 0.56 Sample Variance 0.04 0.04 0.03
8 0.91 1.12 1.08 Kurtosis -0.82 1.05 2.62
9 0.67 0.71 0.67 Skewness -0.02 0.44 0.99 ANOVA
10 0.61 0.54 0.50 Range 0.69 0.82 0.76 Source of Variation SS df MS F P-value F crit
11 0.27 0.60 0.52 Minimum 0.27 0.30 0.32 Between Groups 0.02 2 0.01 0.32 0.73 3.17
12 0.78 0.76 0.77 Maximum 0.97 1.12 1.08 Within Groups 1.96 54 0.04
13 0.57 0.62 0.57 Sum 12.23 12.17 11.39
14 0.90 0.74 0.68 Count 19 19 19 Total 1.98 56
15 0.43 0.40 0.46 Largest(1) 0.97 1.12 1.08
16 0.59 0.56 0.52 Smallest(1) 0.27 0.30 0.32
17 0.97 0.90 0.68 Confidence Level(95.0%)0.10 0.09 0.08
18 0.53 0.49 0.47
19 0.65 0.69 0.67
Table D13 Heel Anova 
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Table D14 Effect sizes 
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Table D15 Percentage change in pressures between conditions left foot. 
Left Hallux 2nd toe 3rd toe 4th toe 5th toe Forefoot Heel
1 L Percentage change average pressures Control to Intervention #1 -13.30% -7.82% 17.60% -6.52% 24.50% -3.15% -8.32%
2 L Percentage change average pressures Control to Intervention #1 5.21% 0.17% -2.80% -27.18% -22.77% -5.15% 7.65%
3 L Percentage change average pressures Control to Intervention #1 4.19% -21.05% -15.03% 2.84% 48.57% 3.73% 0.27%
4 L Percentage change average pressures Control to Intervention #1 -29.39% -31.95% -31.78% -29.89% -34.54% -10.14% -11.85%
5 L Percentage change average pressures Control to Intervention #1 8.72% 39.59% 52.06% 27.26% -39.37% -59.15% 139.28%
6 L Percentage change average pressures Control to Intervention #1 6.18% 4.48% 8.27% 48.88% 34.80% 32.82% -40.31%
7 L Percentage change average pressures Control to Intervention #1 10.55% -15.71% 8.38% -60.49% -27.98% 2.30% -5.22%
8 L Percentage change average pressures Control to Intervention #1 -1.41% 0.93% 4.36% -13.96% -16.11% 14.98% -11.30%
9 L Percentage change average pressures Control to Intervention #1 86.79% -79.91% -84.49% -21.81% -18.39% 411.26% 501.96%
10 L Percentage change average pressures Control to Intervention #1 -11.77% -20.15% -18.26% -23.15% -15.65% 1.62% -6.22%
11 L Percentage change average pressures Control to Intervention #1 -0.27% 9.34% 23.82% 11.57% 13.41% 31.72% -34.01%
12 L Percentage change average pressures Control to Intervention #1 -30.03% -11.02% -9.96% -21.48% -6.59% -10.20% 5.20%
13 L Percentage change average pressures Control to Intervention #1 -4.49% 2.82% -1.28% -1.79% -27.04% 6.76% -5.86%
14 L Percentage change average pressures Control to Intervention #1 -0.87% -14.36% 54.37% -47.70% -36.41% 18.17% -14.52%
15 L Percentage change average pressures Control to Intervention #1 -46.11% -52.85% -55.53% -49.79% -48.40% -44.94% -34.02%
16 L Percentage change average pressures Control to Intervention #1 -3.24% -52.02% -56.97% -54.85% -36.63% 16.99% -39.81%
17 L Percentage change average pressures Control to Intervention #1 -19.82% -25.08% -22.74% -30.80% -23.48% 0.16% -7.09%
18 L Percentage change average pressures Control to Intervention #1 -12.91% -19.19% -36.78% -31.24% -27.60% 13.93% -12.74%
19 L Percentage change average pressures Control to Intervention #1 -19.76% -10.65% -8.90% -16.44% -3.93% -2.35% 6.45%
1 L Percentage change average pressures from Control to Intervention #2 -15.47% -18.74% -6.09% -3.76% 4.69% -14.24% -7.25%
2 L Percentage change average pressures from Control to Intervention #2 4.74% -2.36% -18.95% -35.62% -25.21% -10.72% 2.63%
3 L Percentage change average pressures from Control to Intervention #2 -8.50% -21.57% -10.41% -6.07% 4.18% -5.85% -2.96%
4 L Percentage change average pressures from Control to Intervention #2 -16.50% -28.74% -28.89% -38.68% -33.70% -7.09% -18.49%
5 L Percentage change average pressures from Control to Intervention #2 -4.12% 10.19% 31.33% -0.22% -49.85% -15.46% 9.53%
6 L Percentage change average pressures from Control to Intervention #2 5.46% -1.60% 4.50% 11.28% 4.32% 12.71% -26.97%
7 L Percentage change average pressures from Control to Intervention #2 -8.86% -18.95% 11.97% -73.63% -9.21% 0.23% -3.41%
8 L Percentage change average pressures from Control to Intervention #2 -22.17% -5.78% -1.26% -13.33% -1.92% 25.64% -20.01%
9 L Percentage change average pressures from Control to Intervention #2 75.38% -79.18% -83.58% -19.33% -14.01% 416.07% 415.55%
10 L Percentage change average pressures from Control to Intervention #2 -11.68% -44.29% -27.29% -28.33% -18.54% -2.74% -14.34%
11 L Percentage change average pressures from Control to Intervention #2 -5.32% -2.83% 5.67% -3.61% 1.67% 28.30% -37.89%
12 L Percentage change average pressures from Control to Intervention #2 -25.03% 10.33% 4.64% -6.04% -11.95% 12.40% -11.58%
13 L Percentage change average pressures from Control to Intervention #2 -9.25% 5.37% -9.86% -3.15% -15.57% -4.94% -10.47%
14 L Percentage change average pressures from Control to Intervention #2 -12.34% -28.96% 19.99% -61.73% -58.27% -1.03% 0.29%
15 L Percentage change average pressures from Control to Intervention #2 -28.67% -50.66% -45.82% -24.84% -19.44% -19.38% -8.13%
16 L Percentage change average pressures from Control to Intervention #2 -25.26% -62.86% -66.33% -69.78% -58.08% -5.57% -42.68%
17 L Percentage change average pressures from Control to Intervention #2 -19.09% -30.48% -31.05% -36.72% -20.92% -0.62% -18.03%
18 L Percentage change average pressures from Control to Intervention #2 -25.02% -30.16% -52.65% -54.29% -32.16% -10.43% -8.86%
19 L Percentage change average pressures from Control to Intervention #2 -5.64% -20.06% -29.94% -54.49% -16.17% 2.60% -8.52%
1 L Percentage change average pressures from Intervention #1 to Intervention #2 -2.50% -11.85% -20.15% 2.95% -15.91% -11.45% 1.17%
2 L Percentage change average pressures from Intervention #1 to Intervention #2 -0.45% -2.52% -16.62% -11.58% -3.17% -5.87% -4.66%
3 L Percentage change average pressures from Intervention #1 to Intervention #2 -12.18% -0.66% 5.44% -8.67% -29.88% -9.23% -3.23%
4 L Percentage change average pressures from Intervention #1 to Intervention #2 18.26% 4.72% 4.23% -12.54% 1.30% 3.39% -7.53%
5 L Percentage change average pressures from Intervention #1 to Intervention #2 -11.80% -21.06% -13.63% -21.59% -17.30% 106.96% -54.23%
6 L Percentage change average pressures from Intervention #1 to Intervention #2 -0.67% -5.82% -3.48% -25.25% -22.61% -15.14% 22.35%
7 L Percentage change average pressures from Intervention #1 to Intervention #2 -17.56% -3.85% 3.31% -33.28% 26.07% -2.03% 1.91%
8 L Percentage change average pressures from Intervention #1 to Intervention #2 -21.05% -6.65% -5.38% 0.74% 16.90% 9.27% -9.82%
9 L Percentage change average pressures from Intervention #1 to Intervention #2 -6.11% 3.66% 5.80% 3.18% 5.37% 0.94% -14.35%
10 L Percentage change average pressures from Intervention #1 to Intervention #2 0.11% -30.23% -11.04% -6.74% -3.42% -4.29% -8.66%
11 L Percentage change average pressures from Intervention #1 to Intervention #2 -5.06% -11.13% -14.66% -13.61% -10.35% -2.60% -5.88%
12 L Percentage change average pressures from Intervention #1 to Intervention #2 7.15% 23.99% 16.21% 19.67% -5.74% 25.17% -15.94%
13 L Percentage change average pressures from Intervention #1 to Intervention #2 -4.98% 2.47% -8.69% -1.38% 15.73% -10.96% -4.90%
14 L Percentage change average pressures from Intervention #1 to Intervention #2 -11.57% -17.05% -22.27% -26.82% -34.37% -16.24% 17.33%
15 L Percentage change average pressures from Intervention #1 to Intervention #2 32.36% 4.64% 21.83% 49.69% 56.14% 46.44% 39.26%
16 L Percentage change average pressures from Intervention #1 to Intervention #2 -22.76% -22.58% -21.74% -33.08% -33.84% -19.28% -4.77%
17 L Percentage change average pressures from Intervention #1 to Intervention #2 0.91% -7.21% -10.76% -8.55% 3.35% -0.78% -11.77%
18 L Percentage change average pressures from Intervention #1 to Intervention #2 -13.91% -13.57% -25.10% -33.53% -6.30% -21.38% 4.44%
19 L Percentage change average pressures from Intervention #1 to Intervention #2 17.59% -10.53% -23.09% -45.54% -12.75% 5.07% -14.06%
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Table D16 Percentage change in pressures between conditions right foot 
Left Hallux 2nd toe 3rd toe 4th toe 5th toe Forefoot Heel
1 R Percentage change average pressures Control to Intervention #1 -0.37% -1.66% -7.16% -21.57% 69.53% -1.18% -21.44%
2 R Percentage change average pressures Control to Intervention #1 5.33% -38.87% 7.07% 11.51% -21.05% -12.80% -11.45%
3 R Percentage change average pressures Control to Intervention #1 -4.20% -24.41% -2.99% -28.57% -34.60% -13.96% 19.26%
4 R Percentage change average pressures Control to Intervention #1 -0.13% 2.13% -10.63% -17.66% -2.26% -0.74% -4.69%
5 R Percentage change average pressures Control to Intervention #1 -4.82% -31.54% 18.08% 7.85% 4.59% -1.61% -10.72%
6 R Percentage change average pressures Control to Intervention #1 -24.87% 1.06% -5.04% -17.80% -6.22% -0.34% -7.59%
7 R Percentage change average pressures Control to Intervention #1 -15.50% -11.73% 3.99% 28.24% 5.51% 10.48% -7.41%
8 R Percentage change average pressures Control to Intervention #1 -9.46% -38.80% -14.28% 55.36% -6.93% -1.24% 23.88%
9 R Percentage change average pressures Control to Intervention #1 -9.04% -10.72% -15.38% 3.92% -0.35% -3.43% 6.92%
10 R Percentage change average pressures Control to Intervention #1 32.94% -13.10% -17.12% -18.53% -14.38% 1.25% -11.38%
11 R Percentage change average pressures Control to Intervention #1 8.28% -63.97% -76.19% -28.99% 2.60% 366.19% 118.44%
12 R Percentage change average pressures Control to Intervention #1 5.33% -13.16% -38.31% -18.48% 17.83% 4.14% -2.40%
13 R Percentage change average pressures Control to Intervention #1 -23.29% -30.94% -12.26% -13.15% -25.43% -7.12% 8.97%
14 R Percentage change average pressures Control to Intervention #1 27.14% 22.29% -17.76% 20.72% 1.24% 34.65% -17.26%
15 R Percentage change average pressures Control to Intervention #1 3.09% -3.73% -12.78% -17.33% 3.50% -7.71% -8.49%
16 R Percentage change average pressures Control to Intervention #1 -17.33% 10.05% -11.79% 6.63% -21.66% -14.36% -5.36%
17 R Percentage change average pressures Control to Intervention #1 -19.40% -27.99% -22.85% 10.83% -41.97% -0.83% -6.77%
18 R Percentage change average pressures Control to Intervention #1 -12.77% 12.17% 5.23% 24.55% 15.93% 3.26% -8.13%
19 R Percentage change average pressures Control to Intervention #1 -6.65% 0.01% -18.62% 5.70% -0.08% -17.03% 6.40%
1 R Percentage change average pressures from Control to Intervention #2 -4.63% -27.19% -0.46% -21.08% 52.76% -13.94% -18.44%
2 R Percentage change average pressures from Control to Intervention #2 0.33% 5.33% 0.35% -14.81% -18.81% -1.89% -13.71%
3 R Percentage change average pressures from Control to Intervention #2 -15.07% -25.44% -17.59% -45.89% -41.09% -11.10% -1.21%
4 R Percentage change average pressures from Control to Intervention #2 -15.31% -0.29% -24.69% -32.39% -0.32% -1.08% -13.11%
5 R Percentage change average pressures from Control to Intervention #2 -18.94% -38.93% 3.19% -0.69% -13.29% -13.21% -3.23%
6 R Percentage change average pressures from Control to Intervention #2 -8.78% 21.57% 12.77% -6.80% -10.19% 1.09% -21.41%
7 R Percentage change average pressures from Control to Intervention #2 -8.89% -17.32% -7.62% -7.43% -7.21% -4.37% -6.75%
8 R Percentage change average pressures from Control to Intervention #2 -14.27% -44.93% -14.43% 54.47% 24.84% 1.29% 19.62%
9 R Percentage change average pressures from Control to Intervention #2 -21.42% -11.06% -16.89% -0.35% -13.11% -7.84% 0.17%
10 R Percentage change average pressures from Control to Intervention #2 14.85% -12.46% -23.76% -23.84% -32.10% -2.49% -18.50%
11 R Percentage change average pressures from Control to Intervention #2 13.84% -61.45% -73.55% -18.31% 9.78% 344.93% 88.85%
12 R Percentage change average pressures from Control to Intervention #2 4.76% 3.07% -9.90% 7.72% 0.78% -1.13% -1.65%
13 R Percentage change average pressures from Control to Intervention #2 1.29% 8.63% 3.64% -12.05% 4.53% -11.56% 0.26%
14 R Percentage change average pressures from Control to Intervention #2 6.48% 16.49% -15.42% 13.46% 21.68% 29.84% -24.85%
15 R Percentage change average pressures from Control to Intervention #2 -55.15% -5.06% -10.20% -35.83% -7.75% -35.33% 6.28%
16 R Percentage change average pressures from Control to Intervention #2 -30.83% -7.73% -22.81% -28.77% -25.21% -15.87% -11.18%
17 R Percentage change average pressures from Control to Intervention #2 -32.66% -50.47% -45.42% -15.78% -52.24% 28.65% -29.19%
18 R Percentage change average pressures from Control to Intervention #2 -23.67% 9.27% -28.77% -20.26% -21.61% -14.28% -11.08%
19 R Percentage change average pressures from Control to Intervention #2 -38.76% -45.04% -57.02% -47.08% -35.88% -35.89% 3.28%
1 R Percentage change average pressures from Intervention #1 to Intervention #2 -4.28% -25.96% 7.22% 0.62% -9.89% -12.91% 3.82%
2 R Percentage change average pressures from Intervention #1 to Intervention #2 -4.75% 72.29% -6.28% -23.60% 2.83% 12.50% -2.56%
3 R Percentage change average pressures from Intervention #1 to Intervention #2 -11.34% -1.36% -15.05% -24.24% -9.92% 3.33% -17.16%
4 R Percentage change average pressures from Intervention #1 to Intervention #2 -15.19% -2.37% -15.74% -17.89% 1.99% -0.34% -8.84%
5 R Percentage change average pressures from Intervention #1 to Intervention #2 -14.83% -10.79% -12.62% -7.92% -17.09% -11.79% 8.38%
6 R Percentage change average pressures from Intervention #1 to Intervention #2 21.42% 20.30% 18.75% 13.38% -4.23% 1.43% -14.95%
7 R Percentage change average pressures from Intervention #1 to Intervention #2 7.83% -6.34% -11.16% -27.81% -12.05% -13.44% 0.72%
8 R Percentage change average pressures from Intervention #1 to Intervention #2 -5.32% -10.01% -0.17% -0.58% 34.13% 2.57% -3.43%
9 R Percentage change average pressures from Intervention #1 to Intervention #2 -13.61% -0.38% -1.79% -4.10% -12.80% -4.56% -6.32%
10 R Percentage change average pressures from Intervention #1 to Intervention #2 -13.61% 0.73% -8.02% -6.52% -20.69% -3.70% -8.04%
11 R Percentage change average pressures from Intervention #1 to Intervention #2 5.13% 7.00% 11.10% 15.04% 7.00% -4.56% -13.55%
12 R Percentage change average pressures from Intervention #1 to Intervention #2 -0.55% 18.68% 46.05% 32.14% -14.47% -5.06% 0.77%
13 R Percentage change average pressures from Intervention #1 to Intervention #2 32.04% 57.31% 18.12% 1.27% 40.17% -4.79% -8.00%
14 R Percentage change average pressures from Intervention #1 to Intervention #2 -16.25% -4.74% 2.85% -6.01% 20.19% -3.57% -9.18%
15 R Percentage change average pressures from Intervention #1 to Intervention #2 -56.49% -1.38% 2.95% -22.38% -10.87% -29.92% 16.14%
16 R Percentage change average pressures from Intervention #1 to Intervention #2 -16.34% -16.16% -12.49% -33.20% -4.54% -1.76% -6.15%
17 R Percentage change average pressures from Intervention #1 to Intervention #2 -16.45% -31.21% -29.26% -24.01% -17.69% 29.73% -24.04%
18 R Percentage change average pressures from Intervention #1 to Intervention #2 -12.50% -2.58% -32.31% -35.97% -32.38% -16.99% -3.22%


























Change as a 
percentage 









Change as a 
percentage 
of the total 
number of 
changes
Increase Equal or more than 25% 13 7% 4 2% 11 6%
Increase Equal or more than 10% and less than  25% 16 8% 13 7% 17 9%
Increase Equal or more than 1% i and less than  10% 29 15% 22 12% 24 13%
Increase Equal or more than 0 and less than 1% 3 2% 3 2% 5 3%
Decrease Equal or more than 1% i and less than  10% 6 3% 6 3% 7 4%
Decrease Equal or more than 1% i and less than  10% 25 13% 31 16% 40 21%
Decrease Equal or more than 10%  and less than  25% 56 29% 51 27% 61 32%
Decrease Equal or more than 25% 42 22% 60 32% 25 13%
190 100% 190 100% 190 100%
Total number of increases 61 32% 42 22% 57 30%
Total number of decreases 129 68% 148 78% 133 70%
Table D18 Number of increases and decreases in average peak toe mask pressures per 
intervention 
 
Figure B 5: Recruitment Flyer 
Table D17 Frequency and percentage of changes (positive and negative) > 10%, 
1% to 10% and negligible. 
 































Increase Equal or more than 25% 13 7% 4 2% 11 6%
Increase Equal or more than 10% and less than  25% 16 8% 13 7% 17 9%
Increase Equal or more than 1% i and less than  10% 29 15% 22 12% 24 13%
Increase Equal or more than 0 and less than 1% 3 2% 3 2% 5 3%
Decrease Equal or more than 1% i and less than  10% 6 3% 6 3% 7 4%
Decrease Equal or more than 1% i and less than  10% 25 13% 31 16% 40 21%
Decrease Equal or more than 10%  and less than  25% 56 29% 51 27% 61 32%
Decrease Equal or more than 25% 42 22% 60 32% 25 13%
190 100% 190 100% 190 100%
total number of increases 61 32% 42 22% 57 30%






Abdul Razak, A. H., Zayegh, A., Begg, R. K., & Wahab, Y. (2012). Foot plantar pressure 
measurement system: A review. Sensors (Switzerland), 12(7), 9884–9912. 
https://doi.org/10.3390/s120709884 
Aboutorabi, A., Bahramizadeh, M., Fadayevatan, R., Farahmand, F., & Hutchins, S. W. 
(2016). A systematic review of the effect of foot orthoses and shoe characteristics on 
balance in healthy older subjects. https://doi.org/10.1177/0309364615588342 
Ambrose, A. F., Paul, G., & Hausdorff, J. M. (2013). Risk factors for falls among older 
adults: A review of the literature. Maturitas. 
https://doi.org/10.1016/j.maturitas.2013.02.009 
Armstrong, D. G., & Harkless, L. B. (1998). Outcomes of preventative care in a diabetic 
foot specialty clinic. The Journal of Foot and Ankle Surgery, 37(6), 460–466. 
https://doi.org/10.1016/S1067-2516(98)80022-7 
Arnadottir, S. A., & Mercer, V. A. (2000). Effects of footwear on measurements of 
balance and gait in women between the ages of 65 and 93 years. Physical Therapy  
80(1), 17–27. 
Association of Public Health Nurses. (2019). APHN Mission and Vision. Retrieved from 
Phnurse.org: http://www.phnurse.org/Mission-and-Vision 
Awale, A., Hagedorn, T. J., Dufour, A. B., Menz, H. B., Casey, V. A., & Hannan, M. T. 
(2017). Foot function, foot pain, and falls in older adults: The Framingham Foot 
Study. Gerontology, 63(4), 318–324. doi: 10.1159/000475710 
Benbow, M. (2009). Maintaining skin integrity and preventing pressure damage. Nursing 
and Residential Care, 11(9), 443–451. 
https://doi.org/10.12968/nrec.2009.11.9.43728 
Benson, A., & Latter, S. (1998). Implementing health promoting nursing: The integration 
of interpersonal skills and health promotion. Journal of Advanced Nursing, 27(1), 
100–107. https://doi.org/10.1046/j.1365-2648.1998.00476.x 
Bhattarai, G. R., Ozminkowski, R. J., Yeh, C. S., Migliori, R. J., Hawkins, K., & Escoto, 
K. H. (2011). Disparities in major joint replacement surgery among adults with 
Medicare supplement insurance. Population Health Management, 14(5), 231–238. 
https://doi.org/10.1089/pop.2010.0042 
Bolgla, L. A., & Malone, T. R. (2004). Plantar Fasciitis and the Windlass Mechanism: A 





Bonato, P. (2003). Wearable sensors/systems. IEEE Engineering in Medicine and 
Biology Magazine, (June), 18–20. 
Borland, A., Martin, C. H., & Locke, J. (2013). Nurses’ understandings of suitable 
footwear for older people. International Journal of Health Care Quality Assurance, 
26(7), 653–665. https://doi.org/10.1108/IJHCQA-05-2012-0050 
Brannock. (2019). Instructions and fitting tips. Retrieved from 
https://brannock.com/pages/instructions-fitting-tips 
Buldt, A. K., & Menz, H. B. (2018). Incorrectly fitted footwear, foot pain and foot 
disorders: A systematic search and narrative review of the literature. Journal of Foot 
and Ankle Research, 11(1), 1–11. https://doi.org/10.1186/s13047-018-0284-z 
Burns, S. L, Leese, G. P., & McMurdo, M. E. (2002). 
Older_people_and_ill_fitting_shoes. Post Graduate Medical Journal, (78.920), 344. 
doi: 10.1136/pmj.78.920.344 
Bus, S. A., vanDeursen, R. W., Armstrong, D. A., Lewia, J. E. A., Caravaggi, C. F., & 
Cavanagh, P. R. (2015). Footwear and offloading interventions top prevent heal and 
foot ulcers and reduce plantar pressure in patients with diabetes: A systematic 
review. Diabetes/Metabolism Research and Reviews, 32, 99–118.  
Buttorff, C., Ruder, T., & Bauman, M. (2017). Multiple chronic conditions in the United 
States. https://doi.org/10.7249/tl221 
Chen, H., Nigg, B. M., Hulliger, M., & de Koning, J. (1995). Influence of sensory input 
on plantar pressure distribution. Clinical Biomechanics, 10(5), 271–274. 
https://doi.org/10.1016/0268-0033(95)99806-D 
Chiverton, P., Votava, K.M., & Tortoretti, D. M. (2003). The future role of nursing. 
American Journal of Health Promotion, 12(2), 192–194. 
Choi, K., Jeon, G. S., & Cho, S. Il. (2017). Prospective study on the impact of fear of 
falling on functional decline among community dwelling elderly women. 
International Journal of Environmental Research and Public Health, 14(5). 
https://doi.org/10.3390/ijerph14050469 
Coda, A., & Santos, D. (2015). Repeatability and reproducabilty of the F-Scan System in 
healthy children. Journal of Orthopedics, Rheumatology and Sports Medicine, 1(1), 
104. doi: http://dx.doi.org/10.19104/jorm.2015.104  






Creswell, J. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods 
research. Thousand Oaks: Sage. 
Dahlhamer, J., Lucas, J., Zelaya, C., Nahin, R.,  Mackey, S., DeBar, L., . . . Helmick, C. 
(2018). Prevalence of chronic pain and high-impact chronic pain among adults—
United States, 2016. Morbidity and Mortality Weekly Report, 67(36), 1001–1006. 
doi: http://dx.doi.org/10.15585/mmwr.mm6736a2external icon. 
Dawson-Cook, S. (2015). If the shoe doesn’t fit, try different lacing. American Fitness, 
September/October (22-23). 
de Castro, A. P., Rebelatto, J. R., & Aurichio, T. R. (2016). The relationship between 
wearing incorrectly sized shoes and foot dimensions, foot pain, and diabetes. 
Journal of Sport Rehabilitation, 19(2), 214–225. https://doi.org/10.1123/jsr.19.2.214 
Delbaere, K., Close, J. C. T., Heim, J., Sachdev, P. S., Brodaty, H., Slavin, M. J., … 
Lord, S. R. (2010). A multifactorial approach to understanding fall risk in older 
people. Journal of the American Geriatrics Society, 58(9), 1679–1685. 
https://doi.org/10.1111/j.1532-5415.2010.03017.x 
Dionyssiotis, Y. (2012). Analyzing the problem of falls among older people. 
International Journal of General Medicine, 805–813. https://doi.org/10.4261/1305-
3825.dir.4893-11.2 
Donovan, L., & Patrick, K., (2018) Test reliability of the Tekscan F-Scan 7 in-shoe 
plantar pressure system during treadmill walking in healthy recreationally active 
individuals. Sports Biomechanics, 17(1) 83–97 https://doi.org/ 
10.1080/14763141.2017.1355010 
Dworkin, R. H., Turk, D. C., Revicki, D. A., Harding, G., Coyne, K. S., Peirce-Sandner, 
S., Melzack, R. (2009). Development and initial validation of an expanded and 
revised version of the Short-form McGill Pain Questionnaire (SF-MPQ-2). Pain, 
144(1–2), 35–42. https://doi.org/10.1016/j.pain.2009.02.007 
Drewnowski, A., & Evans, W. J. (2001). Nutrition, physical activity, and quality of life in 
older adults: Summary. Journal of Gerontology, Series A (56A) Special Issue II 89–
94. 
Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses 
using G*Power 3.1: Tests for correlation and regression analyses. Behavior 
Research Methods, 41, 1149-1160. 
Farndon, L. J., Robinson, V., Nicholls, E., & Vernon, D. W. (2009)  Clinical audit of core 





Fiedler, K. E., Stuijfzand, W. J. A., Harlaar, J., Dekker, J., & Beckerman, H. (2011). The 
effect of shoe lacing on plantar pressure distribution and in-shoe displacement of the 
foot in healthy participants. Gait and Posture, 33(3), 396–400. 
https://doi.org/10.1016/j.gaitpost.2010.12.011 
Florence, C. S., Bergen, G., Atherly, A., Burns, E., Stevens, J., & Drake, C. (2018). 
Medical costs of fatal and nonfatal falls in older adults. Journal of the American 
Geriatrics Society, 66(4), 693–698. https://doi.org/10.1111/jgs.15304 
Gill, N. (2017). ThoughtCo. Retrieved from https://www.thoughtco.com/ancient-roman-
sandals-and-other-footwear-117819 
Goonetilleke, R. S., Luximon, A., & Tsui, K. L. (2012). The quality of footwear fit: What 
we know, don’t know and should know. Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting, 44(12), 2-515–2-518. 
https://doi.org/10.1177/154193120004401220 
Gross, K. D., Felson, D. T., Niu, J., Hunter, D. J., Guerazi, A., Roemer, F. W., . . . 
Hannan, M. T. (2011). Association of flat feet with knee pain and cartilage damage 
in older adults. Arthritis Care and Research, 63(7), 937–944. 
https://doi.org/10.1002/acr.20431 
Guyatt, G. H., Keller, J. L., Jaeschke, R., Rosenbloom, D., Adachi, J. D., & Newhouse, 
M. T. (1990). The n-of-1 randomized controlled trial: Clinical usefulness. Our three-
year experience. Annals of Internal Medicine, 112(4), 293–299. 
https://doi.org/10.7326/0003-4819-112-4-293 
Haddad, Y. K., Bergen, G., & Florence, C. (2019). Estimating the economic burden 
related to older adult falls by state. Journal of Public Health Management Practice, 
25(2), E17–E25. https://doi.org/10.1016/j.physbeh.2017.03.040 
Hagen, M., Feiler, M., Rohrand, P., & Hennig, E. (2011). Comfort and stability ratings of 
different shoe lacing patterns depend on the runners’ level of performance. 
Footwear Science, 3, S64–S66. https://doi.org/10.1080/19424280.2011.575390 
Hagen, M., & Hennig, E. M. (2008). The influence of different shoe lacing conditions on 
plantar pressure distribution, shock attenuation and rearfoot motion in running. 
Clinical Biomechanics, 23(5), 673–674. 
https://doi.org/10.1016/j.clinbiomech.2008.03.015 
Hagen, M., & Hennig, E. M. (2009). Effects of different shoe-lacing patterns on the 
biomechanics of running shoes. Journal of Sports Sciences, 27(3), 267–275. 
https://doi.org/10.1080/02640410802482425 





shoe-lacing patterns on dorsal pressure distribution during running and perceived 
comfort. Research in Sports Medicine, 18(3), 176–187. 
https://doi.org/10.1080/15438627.2010.490180 
Hall, J. S. (1917). History of boots and shoes. London: Simpkin, Marshal and Co. 
Hamel, A. J., Donahue, S. W., & Sharkey, N. A. (2001). Contributions of active and 
passive toe flexion to forefoot loading. Clinical Orthopaedics and Related Research, 
(393), 326–334. https://doi.org/10.1097/00003086-200112000-00038 
Healthy People 2020. (2019, 3 29). Determinants of health. Retrieved from Healthy 
People 2020: https://www.healthypeople.gov/2020/about/foundation-health-
measures/Determinants-of-Health 
Helson, H. (1964). Adaptation-level theory: an experimental and systematic approach to 
behavior. Harper and Row: New York. 
Hillard, M. J., Martinez, K. M. Janssen, I., Edwards, B., Mille, M-L., Zhang, Y., &  
Rogers, M. W. R. (2008). Lateral balance factors predict future falls in community-
living older adults. Archives of Physical Medicine and Rehabilitation, 89(9), 1708–
1713. https://doi.org/doi:10.1016/j.apmr.2008.01.023.  
Hintzy, F., Cavagna, J., & Horvais, N. (2015). Evolution of perceived footwear comfort 
over a prolonged running session. Foot, 25(4), 220–223. 
https://doi.org/10.1016/j.foot.2015.08.003 
Hurst, B., Branthwaite, H., Greenhalgh, A., & Chockalingam, N. (2017). Medical-grade 
footwear: The impact of fit and comfort. Journal of Foot and Ankle Research, 10(1), 
12–18. https://doi.org/10.1186/s13047-016-0184-z 
Iwarsson, I. (2005). A long-term perspective on person-environment fit and ADL 
dependence among Swedish adults. The Gerontologist, 45(3) 327–336. 
Janisse, D. J. (1992). The art and science of fitting shoes. Foot and Ankle, 13(5), 257–
262. 
Jordan, C., Payton, C. J., & Bartlett, R. M. (2002). Perceived comfort and pressure 
distribution in casual footwear. Clinical Biomechanics, 12(3), S5. 
https://doi.org/10.1016/s0268-0033(97)88312-x 
Kelsey, J. L., Proctor-Gray, E., Nguyen, U. D. T., Li, W., Kiel, D. P., & Hannan, M. T. 
(2010). Footwear and falls in the home among older individuals in the MOBILIZE 






Kemppainen, V., Tossavainen, K., & Turunen, H. (2013). Nurses’ roles in health 
promotion practice: An integrative review. Health Promotion International, 28(4), 
490–501. https://doi.org/10.1093/heapro/das034 
Kolcaba, K. (2001). Evolution of the mid range theory of comfort for outcomes research. 
Nursing Outlook, 49(2), 86–92. https://doi.org/10.1067/mno.2001.110268 
Konrad, H. R., Girardi, M., & Helfert, R. (1999). Balance and aging. Laryngoscope, 109. 
Lattimer, C. R., Franceschi, C., & Kalodiki, E. (2017). Optimizing calf muscle function. 
Phlebology, 0(0), May. doi: 10.1177/0268355517709410 
Lawton, M. (1989). Behavioral-relevant ecological factors. In K. Schaie & C. Schooler, 
Social structure and aging: Psychological process (pp. 57–75). Hillsdale, NJ: 
Lawrence Erlbaum Associates. 
Lawton, M. P. (1980). Environment and aging. Belmont, CA: Wadsworth, Inc. 
Lindorfer, J, Kröll J., & Schwameder, H., (2018) Comfort assessment of running 
footwear: Does assessment type affect inter-session reliability? European Journal of 
Sport Science 19(2) 177–185. https://doi.org/10.1080/17461391.2018.1502358 
Lord, S. R., Menz, H. B., & Sherrington, C. (2006). Home environment risk factors for 
falls in older people and the efficacy of home modifications. In Age and Ageing. 
https://doi.org/10.1093/ageing/afl088 
Luk, J. K., Chan, T., & Chan, D. K. (2015). Falls prevention in the elderly: Translating 
evidence into practice. Hong Kong Medical Journal, 1–7. 
https://doi.org/10.12809/hkmj144469 
Maes, R. (2015). The history of your shoes. Retrieved from Shoeinfo.net: 
https://shoeinfonet.com/shoe-history/history-your-shoes 
Mcleroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). An ecological perspective 
on health promotion programs. Health Education & Behavior, 15(4), 351–377. 
https://doi.org/10.1177/109019818801500401 
Menant, J., Steele, J., Menz, H., Munro, B., & Lord, S. (2008a). Optimizing footwear for 
older people at risk of falls. Journal of Rehabilitation Research & Development. 
https://doi.org/10.1682/JRRD.2007.10.0168 
Menant, J. C., Steele, J. R., Menz, H. B., Munro, B. J., & Lord, S. R. (2008b). Effects of 






Menz, H. B. (2016). Chronic foot pain in older people. Maturitas. 
https://doi.org/10.1016/j.maturitas.2016.06.011 
Menz, H. B., Dufour, A. B., Casey, V. A., Riskowski, J. L., McLean, R. R., Katz, P., & 
Hannan, M. T. (2013). Foot pain and mobility limitations in older adults: The 
Framingham foot study. Journals of Gerontology—Series A Biological Sciences and 
Medical Sciences, 68(10), 1281–1285. https://doi.org/10.1093/gerona/glt048 
Menz, H. B., & Lord, S. R. (2001). The contribution of foot problems to mobility 
impairment and falls in community-dwelling older people. Journal of the American 
Geriatrics Society. https://doi.org/10.1046/j.1532-5415.2001.t01-1-49275.x 
Menz, H. B., Morris, E., & Lord, S. R. (2006). Footwear characteristics and risk of indoor 
and outdoor falls in older people, 3086, 174–180. https://doi.org/10.1159/000091827 
Merriam-Webster. (2019). Merriam-Webster "Shoe." Retrieved from Merriam-
Webster.com: https://www.merriam-webster.com/dictionary/shoe?src=search-dict-
box 
Mickle, K. J., Munro, B. J., Lord, S. R., Menz, H. B., & Steele, J. R. (2011). Gait, 
balance and plantar pressures in older people with toe deformities. Gait and Posture. 
https://doi.org/10.1016/j.gaitpost.2011.05.023 
Mills, K., Blanch, P., & Vicenzino, B. (2010). Identifying clinically meaningful tools for 
measuring comfort perception of footwear. Medicine and Science in Sports and 
Exercise, 42(10), 1966–1971. https://doi.org/10.1249/MSS.0b013e3181dbacc8 
Muehlbauer, T., Gollhofer, A., Lesinski, M., Hortoba, T., & Granacher, U. (2015). 
Effects of balance training on balance performance in healthy older adults: A 
systematic review and meta-analysis, 1721–1738. https://doi.org/10.1007/s40279-
015-0375-y 
Nahemow, L., & Lawton, M. P. (1973). Toward an ecological theory of adaption and 
aging. In M. P. Eisdorfer & C., Lawton (Eds.), The psychology of adult development 
and aging. Washington DC: American Psychological Association. 
Ortman, J. M., Velkoff, V. A., & Hogan, H. (2014). An aging nation: The older 
population in the United States. Population Estimates and Projections, 1964, 1–28. 
https://doi.org/10.1590/S1519-69842001000300008 
Paton, J. S., Roberts, A., Bruce, G. K., & Marsden, J. (2013). Does footwear affect 
balance?: The views and experiences of people with diabetes and neuropathy who 
have fallen. Journal of the American Podiatric Medical Association, 103(6), 508–
515. https://doi.org/10.7547/1030508 
194 
Percha, B., Baskerville, E. B., Johnson, M., Dudley, J. T., & Zimmerman, N. (2019). 
Designing robust N-of-1 studies for precision medicine: Simulation study and design 
recommendations. Journal of Medical Internet Research, 21(4), e12641. 
https://doi.org/10.2196/12641 and/or https://effectivehealthcare.ahrq.gov/products/n-
1-trials/research-2014-1/
Pinhasi, R., Gasparian, B., Areshian, G., Zardaryan, D., Smith, A., Bar-Oz, G., & 
Higham, T. (2010). First direct evidence of chalcolithic footwear from the near 
eastern highlands. PLoS ONE, 5(6), 3–7. 
https://doi.org/10.1371/journal.pone.0010984 
Polster, B. (2002). Mathematics: What is the best way to lace your shoes? Nature, 
420(6915), 476. https://doi.org/10.1038/420476a 
Polster, B. (2006). The shoelace book—A mathematical guide to the best (and worst) 
ways to lace your shoes. Providence, RI: American Mathematical Society. 
Price, D. D., Bush, F. M., Long, S., & Harkins, S. W. (1994). A comparison of pain 
measurement characteristics of mechanical visual analog and simple numerical 
rating scales. Pain, 56, 217–226. doi: 10.1016/0304-3959(94)90097-3 
Rahemi, H., Armstrong, D. G., Enriquez, A., Owl, J., Talal, T. K., & Najafi, B. (2017). 
Lace up for healthy feet: The impact of shoe closure on plantar stress response. 
Retrieved from https://doi.org/10.1177/1932296817703669 
Rinkunas, S (2007). Alternative ways to tie your running shoes. Retrieved from 
https://www.runnersworld.com/training/a20847250/how-to-properly-tie-your-
running-shoes/ 
Roddy, E., Muller, S., & Thomas, E. (2011). Onset and persistence of disabling foot pain 
in community-dwelling older adults over a 3-year period: A prospective cohort 
study. Journals of Gerontology—Series A Biological Sciences and Medical Sciences, 
66A(4), 474–480. https://doi.org/10.1093/gerona/glq203 
Sandrey, M. A., Zebas, C. J., & Bast, J. D. (1996). Rearfoot motion in soccer players with 
excessive pronation under four experimental conditions 266. Medicine & Science in 
Sports & Exercise, 28(5), 45. https://doi.org/10.1097/00005768-199605001-00266 
Schwachmeyer, V., Kutzner, I., Bornschein, J., Bender, A., Dymke, J., & Bergmann, G. 
(2015). Medial and lateral foot loading and its effect on knee joint loading. Clinical 
Biomechanics, 30(8), 860–866. https://doi.org/10.1016/j.clinbiomech.2015.06.002 
Schwarzkopf, R., Perretta, D. J., Russell, T. A., & Sheskier, S. C. (2011). Foot and shoe 
size mismatch in three different New York City populations. Journal of Foot & 
Ankle Surgery, 50(4), 391–394. https://doi.org/10.1053/j.jfas.2011.04.030 
195 
Shubert, T. E. (2011). Exercise and physical activity in aging evidence-based exercise 
prescription for balance and falls prevention: A current review of the literature. 
Journal of Geriatric Physical Therapy, 34(3),100–108. 
https://doi.org/10.1519/JPT.0b013e31822938ac 
Spink, M. J., Menz, H. B., Fotoohabadi, M. R., Wee, E., Landorf, K. B., Hill, K. D., & 
Lord, S. R. (2011). Effectiveness of a multifaceted podiatry intervention to prevent 
falls in community dwelling older people with disabling foot pain: randomised 
controlled trial. BMJ, 342, d3411. 
Stolt, M., Suhonen, R., Puukka, P., Viitanen, M., Voutilainen, P., & Leino-Kilpi, H. 
(2012). Foot health and self-care activities of older people in home care. Journal of 
Clinical Nursing, 21(21–22), 3082–3095. https://doi.org/10.1111/j.1365-
2702.2012.04223.x 
Stolt, M., Suhonen, R., Puukka, P., Viitanen, M., Voutilainen, P., & Leino-Kilpi, H. 
(2013). Nurses’ foot care activities in home health care. Geriatric Nursing, 34(6), 
491–497. https://doi.org/10.1016/j.gerinurse.2013.08.003 
Sullivan, G. M., & Feinn, R. (2012). Using effect size—Why the P value is not enough. 
Journal of Graduate Medical Education 4(3) 279–282. doi:10.4300/JGME-D-12-
00156.1 
Sumiya, T., Suzuki, Y., Kasahara, T., & Ogata, H. (1998). Sensing stability and dynamic 
response of the F-Scan in-shoe sensing system: A technical note. Journal of 
Rehabilitation Research and Development, 35(2), 192–200. 
Trinkaus, E., & Shang, H. (2008). Anatomical evidence for the antiquity of human 
footwear: Tianyuan and Sunghir. Journal of Archaeological Science, 35(7), 1928–
1933. https://doi.org/10.1016/j.jas.2007.12.002 
United States Census Bureau. (2017). Older Americans Month: May 2017. Cb17-Ff.08, 
(May), 1–6. Retrieved from https://www.census.gov/newsroom/facts-for-
features/2017/cb17-ff08.html 
Webb, W. G. (2017). Neurology for the speech language pathologist. St. Louis, MO: 
Elsevier. 
Wilhelmsson, S., & Lindberg, M. (2009). Health promotion: Facilitators and barriers 
perceived by district nurses. International Journal of Nursing Practice, 15(3), 156–
163. https://doi.org/10.1111/j.1440-172X.2009.01740.x
Windley, P., & Scheidt, R. (2003). Physical environments and aging: Critical 
contributions of M. Powell Lawton to theory and practice. New York: Routledge 
Taylor and Francis Group. 
196 
Wong, K. (2019). The gait cycle: It’s not as boring as it seems. Retrieved from 
https://www.chiroeco.com/gait-cycle/ 
World Health Organization (WHO). (2019a). Measuring quality of life. Retrieved from 
https://www.who.int/healthinfo/survey/whoqol-qualityoflife/en/ 
 World Health Organization (WHO). (2019b). What is health promotion? Retrieved from 
https://www.who.int/healthpromotion/fact-sheet/en/ 
Wu, S. C., Jensen, J. L., Weber, A. K., Robinson, D. E., & Armstrong, D. G. (2008). Use 
of pressure offloading devices in diabetic foot ulcers: do we practice what we 
preach? Diabetes care, 31(11), 2118-2119. 
Zborowsky, T. (2014). The legacy of Florence Nightingale’s environmental theory: 
Nursing research focusing on the impact of healthcare environments. Health 
Environments Research and Design Journal, 7(4), 19–34. 
https://doi.org/10.1177/193758671400700404 
